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■ ..^ • . -BACKGI^ ND OF THE INVENTS ' ^z--;; 

r^::;^^^^ or '^AB^^^a^ Ilifi present to. _ ^ . . 

' '10 ^ methods 



^ is the bis-t{^^ 

Z V./ (pjiosphpnpme^ lias antiyiraljacfiyity^.^ 

in: animals annid in liiiirvans. A© and/I^EiV hav^ S ■ 

. $r Patent Numbets' 4,72^^^^^ ^ 
iiSf Nucleosides and Nucleotides (1995) 14(3-5):563-565, Holy et aL, Collect 

V Czech. Ghem. domrmm. (1989) 5i::2190-2201> Holy et- al.> Co/Iecf : .^Ciec/i^'.^ ^r^; ^ 
: Cftem. Cbmmun. (1987) :^:280i-^ , ; . 

fiU:: Chem. Commum (^^ Staryettvet at AntimraJ-Jie^.-S^ 

32^26^273; Stirrett^^ Heretofore; m5;< 

'7j0;[ h^s ?been^rovidqd drily ks a noncrystalline or amorpft^nis form It^psiriofe^ ■ ; v 
. f be(m:reix>rted toliav^^^^^^ ■ -^^--^^^.^t^i^^^^^ 

.w: Methods ior .o'ystiaU^ compoimds per se. are. described^ 

J. A., iandgrebe,. Theory .ond^jPractice An the Organic Labhratory, 2nd ^e<$iEo% 
1977, D.C. Heath and Co., liexington, MA, ]^ 43-51; A.S. Myersori, ^ U^lJ^Z 
25 Handbook of Industrial Crystallization, 1993, Butterworth-Heinemaiin, 

Stoneham, MA, p. 1-101). - ^-^^^^^ 

QBTECTS OF THE TNVRNTION 
The invention provides one or more compositions or methods that 
30 meet one or more of the following objects. 

A principal object of the invention is to provide compositions 
comprising novel AD forms having desirable properties for large scale 
synthesis or for formulation into therapeutic dosages. 

Another object is to provide AD having good melting point, and/or 
35 flow or bulk density properties, which facilitates manufacturing and 
formulation of compositions containing AD. 

Another object is to provide storage-stable forms of AD. 
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Another object is to provide AD which can be readily fUtered an<i 
; easily dned» 

. Aiiother object is to provide highly purified ADihaving atleast 

■ ) aboiit 97% (w/\A^ y • ^^^^^^ 

Aiibth0r ipbjjert is to eliminate or minimise byrprpdixcte :nn;acie S| 5 

:m: r ; Anpmerv^ to provide r method for purify^ that rawmds 
expensiye^nd colunm cluromatpgra^ ^ ^^^^ 



/ / 7 : Ttie invjmtipn accomplishes 

; : crystalline AD, in particular, an anhydrous ;crysta11irie form (hereafter . ''^ ' ; 

: : H V "Fonn 1"), a liy^ (hereafter ''Form 2'')^^ . ^ 

; r N -r metiianol sbly^^^^ Torm:3"), a^ " : . ^ . . % 

, - 15 fuiii^c:add sdt or comple^^ . ■ ; ; '::/ 

^ ; . ^ a heimsidfite saili or com^^ a hydrobronude salt or co^ 3;^^^:^^ , X 

; : ^ ^^^^ hydroclTfi$fideis^ or complex, a nitrate salt or complex;-^- mes T vSSSv 

" • : (GH^SQs^ cdmplex, an ethyl sulforiaite salt (CiHfeSCI)^ : ^: : — 

a.phtiaphtiiylerve sulfonic acid salt or cbiiiplex, an a-naplitiiyle 
20 acid iailt or complex, an (S)^camphpr sulfonic add salt or complex, la^^ -^^^^^^^^^ : . ^ 

:..vV^ % J ; ~ siiccinic,add:,salt or complex, a maleic add salt:or a : :^ . 

, _ V,.,... salt^or complex and a nicotiriic add salt or complex.* ' 

Invention embodiments include (1) crystalline Form 1 AD , \ 
essentially having an X-ray powder diffraction ("XRD") spectnmi usirjg :/: 

— .^-25-- Gu-Ka-radiation> expressed in degrees 29 at any one or more (in any - .^^^....^..^ 

combination) of about 6.9, about 11.8, about 12.7, about 15.7, about 17.2, 
about 20.7, about 21,5, about 22.5, and about 233; (2) crystalline Form 2 AD 
essentially having an XRD spectrum using Cu-Ka radiation, expressed in 
degrees 29 at any one or more (in any combination) of about 8.7-8.9, about 
30 9.6, about 16.3, about 18.3, about 18.9, about 19.7, about 21.0, about 21.4, 

about 22.0, about 24.3, about 27.9, about, 30.8, and about 32.8; (3) crystalline 
Form 3 AD essentially having an XRD spectrum using Cu-Ka radiation, 
expressed in degrees 29 at any one or more (in any combination) of about 
8.1, about 8.7, about 14.1, about 16.5, about 17.0, about 19.4, about 21.1, about 
35 22.6, about 23.4, about 24.2, about 25.4, and about 30.9; and crystalline Form 
4 AD essentially having an XRD spectrum using Cu-Ka radiation, 
expressed in degrees 29 at any one or more (in any combination) of about 
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9.8, about 15.2, about 15.7, about 18.1, about 18.3, about 21.0, about 26-3 and 
about 3L7. . 

Invention embodiments indiide AD crys 
morphologies shown'in any one or more of figures 4^10. 
:5v In other einbodiments, the i^^ methods to J^rodute 

V AD crystals by allowing c^stals to form from a qystallizat^^ 

comprising a^^ crystaUizatiqn.soWent ' 

wherein the'qystallizafion solvent is selectecl frpm the group consi^tmg^ 
, V (1) a mxture between about 1:10 v/v to about 1:3 v/y of ^cetorie:9ijf^ 
10 etheir, (2) a mixture between about 1:10 y/v to about ;l:3;^^^^ of ethyl 
acetate:di-n-propyl ether, (3) a mixture between about 1:10 v/v to about 
10:1 v/v .of t-butanol:di-n-butyl ether, (4) a mixtxire between about 1:10 y/v 
to about 1:3 v/v of methylene ,chlpride:di'^n-butyl ether, (5) a mixture 
between about 1:10 y/v to about 10:1 y/v of diethyl ether :dirn-propyl^^e^ 
15 (6) a mixture between about 1:10 v/y to about 1:3 v/v of - ■ . 

tetr2iiyct6furan:di-n4)utyl et 1:10 v/v^toiir 

about 1:3 v/y of ethyl acetate:di^rirbut5d ether, (8) a mixture >etw^e|i ia(bp0'^ 
1:10 v/v to about 1:3 v/v of tetrahydrop)nran:di^n-butyIethiBr, (9y"a:imxj^ 
between about 1:10 v/v to about 1:3 v/v pf ethyl acetate:dietitiyl ether, (10) 
20 t-butylrmethyl ether, (11) diethyl ether, (12) di-^n-butyl ether, (13) trbiitknol, 

(14) toluene, (15) isopropyl acetate, (16) ethyl acetate, (17) a mixture 
. / consisting essentially of (A) a first crystallization solvent consisting of a 

first dialkyl ether of tiie formiila R^-O-R^ wherein R^ is an aUcyl grQup-_ . 
having 1, 2, 3, 4, 5 or 6 carbon atoms, R^ is an alkyl group having 2, 3, 4, 5 - 
25 - or 6 carbon atoms or both R^ and R^ are linked together to f orm a 5^, 6-, 7-> 
or 8-membered ring, provided that the dialkyl ether is not methyl-ethyl 
ether, and (B) a second crystallization solvent selected from the group 
consisting of (a) a second dialkyl ether of the formula R^-O-R^, wherein 
the second dialkyl ether is different from the first dialkyl ether, but is not 
30 methyl ethyl ether, (b) toluene, (c) tetrahydrofuran, (d) t-butanol, (e) ethyl 
acetate, (f) methylene chloride, (g) propyl acetate and (h) isopropanol. 

Invention embodiments include purified crystalline AD (e.g., form 
1 and /or form 2). Invention embodiments also include compositions 
comprising crystalline AD (e.g., form 1 and/ or form 2) and one or more 
35 compounds, such as pharmaceutical excipients or compotmds present in 
reaction mixtures that contain the crystalline AD. 
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: ■ Invention embodiments include a method to produce AD crystals 
r : cpjnprising dissolving AD in methanol and appwirig crystals to fqrni. • 
Another embodiment is ay stalline AD "Smtable^^fo^ 
~t; icompositions or uses comprisirig, e^g-, ;bne or more of Form 1, Torni . . 
5jf iFprm 3 and/or Form 4 AD and ^ pharmaceii^ 
: ' :treating viral conditions for which PMEA is tai^^ , 
; ^ i : (mv, Siy,i^ or hepatitis P 

or DNA virus iinfectipn.(hLV^ - ^^y^ 

hetpesvirus, e.g., HSVl or KjSVZ) in t^mria^ : ; ■ 

. liie myention provides a. m^ crystalline pbnd^ 

:\ %. In another embodiment^ a niethod for preparmg' A comprises 

■ '^ contacting PME A with chloromethyl pivalate in N-methylpyrrphdm ; 
15;: (Nl^/l-mefhyl-2-pyrr61idinone) and a trial : V 

triethylamine (TEA) and recovering AD. » - • rv-y 

. : In a fiu;ther embodiment, a^ P comppsitiph containing 
about 2% salt i^ provideid, which may tie used ii\;aL liiefthM comp 
X contacting PMEA containing leiss than about 2?/d. salt . 
2:0 . In a further embodiment, an AD product is obtaiiied by ^a pfbcess - 

- wet granules froin a mixture comp^^ - 

^ - 1 adefovir-^dipivoxil and an acceptable^exdpient ahd>;opti^ 

,drpng the wet.grijni^^^ , ..y .... ^ ^ : 



^ ■^ 25^ Brief Descr iption of the Figures ' ^ ^ ^ 

Figure 1 shows a Form 1 crystal XRD pattern. Figure 2 shows a 
thermogram obtained by differential scanning calorimetry of Form 1 
crystals. Figure 3 shows a Fourier transform infrared absorption spectnmi 
of Form 1 crystals. Figures 4-10 are pictures of a photograph showing 
30 embodiments of Form 1 crystals at lOOX magnification. Figures 4-10 are 
copies of the photographs made at a 128% enlargement. Figure 11 shows 
an XRD pattern of Form 2 crystals. Figure 12 shows a thermogram 
obtained by differential scanning calorimetry of Form 2 crystals. Figure 13 
shows a Fourier transform infrared absorption spectrum of Form 2 
35 crystals. Figure 14 shows an XRD pattern of Form 3 crystals. Figure 15 
shows a thermogram obtained by differential scanning calorimetry of 
Form 3 crystals. Figure 16 shows a Form 4 crystal XRD pattern. Figure 17 
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shows a thermogram obtained by differential scanning calorimetry of 
Form 4 crystals. Figure 18 shows an AP heinisulfate salt crystal XRP 

• pattern. Figure 19 shows, an AD hydrobromide salt crystaLJOi^ 
, Hgure 20 shows an AD nitrate salt crystal XRD >pattem. Figiirejil ;shows an 
5 mesylate salt crystal XRD patterrv^^ 

: sulfonate salt crystal XRD pattern. Figure 23 shbws an. AD p-naphthylejie/ 
sulfonate salt.Gr3rstalvXRPf^ Hgiire 24 shows an AD a-raphthylene ■ / 

,sulfonate Salt aystal XiRi?|Mitterr^ Figure 25 shp^A^ AD (S)-:Ctophbr^; 
sulfonate salt aystal XRD patterni Fi§;ure 26 shows an AD $uqq&uc add s^ 
10 crystal XRD pattern. 

^ DETAILED DESCRIPTION O F 

Unless otherwise; indicated, temperatures aire in degrees Celsius Cj)^ 
15 Room temperature means about 18-23*. 

As used herein> alkyl means linear/brand^^ 
liydrocarbpns. "Alkyr or "alky Lmoiely" as^^i^^ 

to the contrary, is a h^droc i, 2, 3, 4, 5, 6, 7,;S/5>^0, 11' w ' 

12 normal, secondary, tertiary or cycUc stnict^^ 
20 means alkyl groups having 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 carbon atoms. 

, Exainpks;arerCH3,<:H2CH3,-CH2GH2C3i3,-CH ^ :i: ' : 

S.. <M2CH2CH2CH3,^I^CH(GH3)2,^-^^^ ^ 
-CH2CH2CH2CH2ai3. <:H(CPl3)CH2CH2CH3. -CH(CH2CH3gy. 
<:(CH3)2CH2ai3, <M(CH3)CH((Ji3)2, <H2ai2C^^ 
25- <M2CH{CH3)CH2CH3r-CH2^ - 
-CH(CH3)CH2CH2CH2CH3, <H(CH2CH3)(CH2CH2CH3), 
<:(CH3)2CH2CM2CH3, <M(CH3)ai(CH3)C^^ 

<H(CH3)CH2CH(CH3)2, -C(CH3)(CH2CH3)2. -CH(CH2CH3)CH(CH3)2, 
<^(CH3)2CH(CH3)2, -CH(CH3)C(CH3)3/ cydopropyl, cydobutyl 

30 . cydopropylmethyl, cyclopentyl, cydobutylmethyl, 1-cydopropyl-l-ethyl, 
2-cydopropyl-l-ethyl, cydohexyl, cydopentylmethyl, 1-cydobutyH- 
ethyl, 2-cyddbutyH-ethyl, l-cydopropyl-l-propyl, 2-cydopropyl-l- 
propyl, 3-cydopropyH-propyl, 2-cydopropyI-2-propyl, and 1- 
cydopropyl-2-propyL 

35 "Alkoxide" as used herein, tmless stated to the contrary, is a 

hydrocarbon containing 1, 2, 3, 4, 5 or 6 carbon atoms, as defined herein 
for alkyl, linked to an oxygen atom. Examples are -OCH3, -OCH2CH3, 

5 
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-C)CH2CH2CH3, -OCH(CH3)2, ^XMlCHiCtiiCHs, <XM2P^ : 
<XM(CH3)CH2CH3, <X:(C3^ 

, <XII((2^)CH(^ 

5 'Oc:3is^^ ■ ^ vi;': 

"TriaUcylarii^ substituted With'^fjre^ 

. i I Gii6 ^Ug^^inoieties/whidi are^m chosen. Example? Me; 

M • nitriDfgen substituted with -CH2CH3/ -rOJitp^ 

<ii(CH2CH3)2,<:(c^ vv-^^ 

. <^ai2GH(CH[3)2,<H2C^ ; ^ ? ' 

^5 <Ii2Ql2CH2CH2P^ yb?^ 
-CH(ai2ai3 

/ <:H(qH3)GH(CH3)CH2OT3,^ '-''^'SM- 

<:H(CH3)C(CH30$ moieties; / ^ ^ • 

20 ; "Heteroaryl" as used herein includes by way of example and not p 

limitation these iieterocycles described in Paquette, Leo A:; Pnncip^^^ 
Modem Heteroq/clic C/iemistry (W.A. iBenjamin, New -^ork, l968),oCK 
particularly Chapters I, 3, 4, 6, 7, and 9; Tte Chemistry of Heteroc^^^^ 
Compounds, A series of Monographs Qohn Wiley & Sons, . New York, 
-.25. 1950 to^present), in-particular Volumes 13, 14, 16, 19, and 28; and-J. v^mv- 
Chem. Soc, (1960) £2:5566. 

Examples of heterocycles include by way of example and not 
limitation pyridyl, thiazolyl, tetrahydrothiophenyl, sulfur oxidized 
tetrahydrothiophenyl, pyrimidinyl, furanyl, thienyl, pyrrolyl, pyrazolyl, 
30 imidazolyl, tetrazolyl, benzofuranyl, thianaphthalenyl, indolyl, indolenyl, 
quinolinyl, isoquinolinyl, benzimidazolyl, piperidinyl, 4-piperidonyl, 
pyrrolidinyl, 2-pyrrolidonyl, pyrrolinyl, tetrahydrofuranyl, 
tetrahydroquinolinyl, tetrahydroisoquinolinyl, decahydroquinolinyl, 
octahydroisoquinolinyl, azodnyl, triazinyl, 6H-l,2,5-thiadiazinyl/ 2H,6H- 
35 1,5,2-dithiazinyl, thienyl, thianthrenyl, pyranyl, isobenzofuranyl, 
chromenyl, xanthenyl, phenoxathinyl, 2H-p5rrrolyl, isothiazolyl, 
isoxazolyl, pyrazinyl, pyridazinyl, indolizinyl, isoindolyl, 3H-indolyl, IH- 

6 
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indazoly, ptirinyl, 4Hrquinolizinyl, phthalazinyl, naphthyridinyl, 
quinoxalinyl, quinazdlinyl, cixmoiinyl, pteridinyl, 4aHTcarbazolyl, 
carbazolyl, b-carbolinyl, phenanthridinyl, acridinyl, pyrimidinyl, 
phenantkrolinyl, phenazinyl, phenothiazinyl, iurazanyl, phenoxazi^^ 
;5 isochromanyl, chromariyl/ iinidazolidinyl, imidazplmyl, pyrazoUcUxiyl, : . 
pyxjazoUnyl, piperazinyi, indolm^ i / ' 

- r' moirphdlinyl/ oxazoUd^ benzisoxazblyl; oxinddlyt ? ; • ; • 
benzoxazoUnyl, and isatinoyL v .r - 

By way of example and not limitation, carbon.tond^d heterbcydes 
10^ arelDpnded:at;ppsitipn;2> 3/ 5, or 6 of a p3n:idine> position ^, 4, 5,.or :6 df^a 
pyridaziM, position 2, 4, 5, or 6 of a pjnrimidine, position 2/3, 5, cm: ^ ;of ;a 
t pyrazine, position % 3, 4, or *5 of a f uran, tetrahydrbf uratt, thiofuran, 

thiophene, pyrrole or tetrahydropyrrole, position 2, 4, or 5 of an oxazole; . 
imidazole or thiazole, position 3, 4, or 5 of an isoxazole, pyrazole, or 
15 isothiazole, position 2 or 3 of an azifidine, position 2, 3, or 4 of an 

azetidine, position 2, 3, 4, 5, 6, 7, or 8 of a quinoline or positipnl, 3, 4, 5, 
7, or 8 of an isoquinpline. Stillmore typically, carbori bonded iieteirpGy^es , \ 
include 2-pyridyl, 3-pyridyl:4rpyridyl,S-pyridyi, 6-pyri<^ 3-pyrida^n^^^ 
4-p5rridaziiiyl, 5-pyridazinyl/6-pyridMinyl, 2-pyrimidinyl, 4-pyrimidiri5rl,^ ; 
20 5-pyrimidinyl, 6-pyrimidiriyl/2^pyra^ 

fcpjarazihyl, 2rthiazolyl/ 4-thiazolyl, or 5-tKiazoty^^ 

By way of example and not limitation, nitrogen bonded heterocycles.. 
are bonded at position 1 of an aziridine, azetidine, pyrrole, pyrrpUdine^^^ 
2-pyrroline, 3-pyrroline, imidazole, imidazolidine, 2-imidazoline, 

- 25 3-imidazoline, pyrazole, pyrazoline, 2-pyrazoline, 3-pyrazoline, piperidine,- 

piperazine, indole, indoline, IH-indazole, position 2 of a isoindole, or 
isoindoline, position 4 of a morpholine, and position 9 of a carbazole, or p- 
carboline. Still more typically, nitrogen bonded heterocycles include 1- 
aziridyl, 1-azetedyl 1-pyrrolyl, 1-imidazolyl, 1-pyrazolyl, and 1-piperidinyL 

30 As used herein, AD that is a "crystalline material", "crystalline" or 

"crystal" means a solid AD having an ordered arrangement of 
substantially all of the constituent molecule(s) in a definite three-, 
dimensional spatial pattern or lattice. Crystalline or crystal AD may 
comprise one or more than one type of composition, e.g., AD*fumaric add 

35 or AD«2H20. A crystalline material or crystal may occur in one or more 
than one crystal habits, e.g., tablets, rods, plates or needles. 
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Unless specified otherwise explicitly or by context, we express 
percentage amounts as % by weight (w/w). Thus, a solution contaixurig at 
least about 40% AD is a solution containing at least about 40% w/w AD. ' 
Solid AD containing .0.1% water means 0.1% w/w water is assodated 
5 the solid. 

Crystalline AD substantially free of noncrystalline AD mearis a. soiid 
coinpositioh in which more than about 60% of the AD is present ui the ' 
composition as arystalUne material. Such .compp$iti6ris tjrjpically^^ cpntairi; 
at least about 80%, usually at least about 90%, of one or more AD crystaK 
10 forms, with the remaining AD being present as noncrystalline AD, r 
Invention compositions optionally comprise salts of the 
-. compoimds herein, induding pharmaceutically acceptable salts 

comprising, for example, ah uncharged moiety or a monovalent anion; 
Salt(s) indiide those derived by combination df appropriate anioiis su<^ asn 
15 inorganic or organic adds. Suitable adds include those having stiffidenf " 
addity to form a stable salt preferably adds of I^r exanif|i|% ; 

one may form invention salts from add addition of certain organic arid¥: 
inorganic adds, e;g., HF, HQ, HBr, HI, :H2S04^ H3PO4, or from pri^aiiuc i * 

sulfonic adds, organic carboxylic adds to basic centers, typicaUy amines. , 
20 Exemplary organic sulfonic adds indude C6-16 aryl sulfonic adds, C6-I6 . 

heteroaryl sulfonic acids and C1-16 alkyl sulfonic adds such as phenyl,ia^ : 
* — naphthyl, p-naphthyl, (S)rcamphor, methyl, ethyl, n-propyl, i-propyl, n- 
butyl, s-butyl, i-butyl, t-butyl, pentyl and hexyl sulforuc adds. Ex:empla^ 
organic carboxylic adds include C1.16 alkyl, C6-I6 carboxylic adds and 

25 C4116 heteroaryl carboxylic adds such as acetic, glycolic, lactic, pyruvic, 

malonic, glutaric, tartaric, dtric, fumaric, sucdruc, malic, maleic, 
hydroxymaleic, bervsoic, hydroxybenzoic, phenylacetic, dimamic, salicylic 
and 2-phenoxybenzoic. Salts also indude the invention compound salts 
with one or more amino adds. Many amino adds are suitable, espedally 
30 the naturally-occurring amino acids found as protein components, 

although the amino add typically is one bearing a side chain with a basic 
or addic group, e.g., lysine, arginine or glutamic add, or a neutral group 
such as glycine, serine, threonine, alanine, isoleucine, or leucine. Salts are 
usually biologically compatible or phcirmaceutically acceptable or non- 
35 toxic, particularly for mammalian cells. Salts that are biologically toxic are 
generally used with synthetic intermediates of invention compounds. 
The salts of AD are typically crystalline, such as Form 4 described herein. 

8 
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Embodiments include compositions that transiently occiir when 
v a method step or operation is performed. For example, when a sodium 

V; alkoxide is brought into contact with a ;9-(2-hydroxyethyl)adenine . 
V solution/the composition at the initiation of mixing wiU co^ 

JS\. negligible amounts of the sodium alkoxide. This compositiGh will be 

V ; generally be present as a non-hompgenous iriixture prior to sitiff iciest 

V * agitajdon to mix the solution. Such a composition usually^compriM^ 

/ negligible reaction products arid .comprises inostly reactants^. Similarl^^ 
as a rieaction proceeds^ the propo]^ 
10 products wiU change relative to each ;oth6r: Tliese transient 
compositions are inteimediates that arise when a proces 
performed and they are expressly included as ^i^ 

The invention includes compositions comprising mixtures of two 
; v; or.more different arystal types orforms, e.g^ Form 1 a^ 
:15v . Form I, Form 2 and Form 4 crystals, or Form 2 and Form 4 crystals. 
\ ' Mixtxires of Form 1 and Form 2 AP crysft^S < 
: i pharmaceutical formulations or their manufadture,.ahd :ty|)i^^^ 
r;^ 7; mixtures comprise at least about 70% Form 1, usuaUy at le^sf about 
• ; but in some instances up to .about 70% of such a mixture may comtprisel 
2tf Form 2 and/or amorphous AD. 

Crygtalliing forms of AP 
AD prepared and recovered as described (Starrett et al., /. Med. 
Chem. (1994) 12:1857-1864) and as recovered from a silica gel colunm in^a 
25 " solution of methanol (about 4%) and methylene chloride (about 96%) by- ■ - 
rotary evaporation under reduced pressure at about 35* precipitates as a 
noncrystalline or an amorphous solid. We now have discovered that AD 
can be prepared in crystalline form. 

We have identified several different crystalline AD forms. We 
30 have characterized them by several methods, iisually by XRD and DSC 
thermogram. Workers commonly use XRD to characterize, or identify 
crystal compositions (see, e.g., U.S. Pharmacopoeia, volimie 23, 1995, 
method 941, p 1843-1845, U.S.?. Pharmacopeial Convention, Inc, 
Rockville, MD; Stout et al, X-Ray Structure Determination; A Practical 
35 Guide, MacMillan Co., New York, N.Y. 1968). The diffraction pattern 
obtained from a crystalline compound is often diagnostic for a given 
crystal form, although weak or very weak diffraction peaks may not alway 

9 
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appear in replicate diffraction patterns obtained from successive batches of. 
crystals. This is particularly the case if other crystal forms are present in 
the sample in. appreciable amounts, e.g., where Form 1 crystals have 
becpme partially hydrated to Form 2 crystals. The relative intensities of 
5 bands, particularly at low angle X-ray incidence: values (low ZB), mayy^. 

due to preferred orientation ^ffects^ arising ftom differences in, e.g., oysfti^F 
- habit, particle size and other cbnditiQns piF measurement. ThuS/ the 

relativcintensities of the diffraction %peaks are not conclusively di?igribstic 
of the crystal form in question. Insitea^, orie should look to the relative • 
10: positioning of the peaks rather than their amplitude to determine if an j?^^ 
crystal is one of the forms described herein. Individual XRD peaks ; 
different samples are generally located within about 0.3-1 29 degree for 
broad peaks. Broad XRD peaks may consist of two or more individual 
peaks located closely together. For sharp isolated peaks, the peak is usually^ 
15 found within about 0.1 29 degrees on succeissive XRD analyses. Assuiiiijcig y 
one uses the same instrument to measure a compound's JORD spectrum^f:^^^^^^^^^ 
on successive XRD.analyses, the differences in XRD peak locations are t^^^ 
primarily to differences in sample preparation pr the purity of the samp|e 
itself. When we identify a sharp isolated XRD peak at a given position's , 
iZO being located at, e.g., about 6.9, tiiis means that the peak is at 6:9±0.1. 

When we identify a broad )®p peak at a given position as being located- at 
about a given 29 value, this means that the peak is at that 29 value ±0.3t: 

, Npte_that it is not necessary to rely on all bands that one obseryes;in: 
the highly purified AD reference samples herein; even a single band may^^ 
25^ be diagnostic of a given crystal form of AD, e.g., 6.9, for Form 1 . 
. Identification should focus on band position and general pattern, 
particularly the selection of bands imique to the various crystal forms. 

Additional diagnostic techniques that one can optionally use to 
identify crystalline AD include differential scanning calorimetry (DSC), 
30 melting point meastirements and infrared absorption spectroscopy (IR). 
DSC measures thermal transition temperatures at which a crystal absorbs 
or releases heat when its crystal structure changes or it melts. Thermal 
transition temperatures and melting points are typiccilly within about 2* C 
on successive analyses, usually within about 1 degree. When we state that 
35 a compound has a DSC peak or a melting point at a given value, it means 
that the DSC peak or a melting point is within ±2' C. DSC provides an 
alternate means for one to distinguish between different AD crystal forms. 

10 
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Different crystal forms" may be identified, at least in part, based on their 
different transition temperature profiles. IR measures absorption of 
infrared light caused by the presence of particular chemical bonds 
associated with groups in a molecule ihat vibrate in response . to the light. 
.5 DSC and/or IR can thus provide physicpcheniical information one^can use 
to describe AD crystals. . 

Single aystal X^ray crystalldgriiphy was used to characterize Form 1 
10 - AD. Cell constants and an orientation matrix' obtained from, a least squares 
refinement using the measured , positions of 3242 reflections with I > lOg in ^ 
the range 3:00 < 29 < 45;00* corresponded to a C-centered monoclinic cell ' f 
specified as follows: a = 12.85 A,h = 24.50 A, c = 8.28 A, fi = 100.2% Z- 4, , , 
space group Cc. 

15 The Form 1 XRD pattern usually shows a'peak(s) at about 6.9, o - 

typically at about 6^9 and about 26w7> or more typically at about 6.9, about i ; 
1517 and about,20:7 and ordinarily at teast ait about 6:9, aboiit 11.8; about 15'7 
arid about 20.7. Typically the XRD peak at about 6.9, or usually either (1) il- ; 
this peak plus one or two pez^ks additional peaks or (2) the peak at about 6,9 
20 plus one or two other peaks coupled \vith differential scanning calorimetry 
data or melting point data, is sufficient to distinguish Form 1 crystals frorri 
- other forms or to identify Form 1 itself. The Form 1-spectnmi commonly • 
has peaks at about 6.9, about 11.8, about 12.7, about 15,7, about 17.2, abpur 
20.7, about 21.5, about 22.5 and about 23.3. The Form 1 XRD pattern usually 
25 shows a peak(s) at any one (or combination) of about 6.9 and/or 11.8 

and/or 15.7 and/or 17.2 and/or 20.7 and/or 23.3. Figure 1 shows a typical 
Form 1 crystal X-ray difiEraction patteni. It should be understood, however, 
that figures 1-26 are only exemplary and that diagnostic representations of 
other, crystalline AD preparations may depart from these depictions. 
30 Form 1 AD is anhydrous, contairung littie or no detectable water. In 

general. Form 1 crystals ordinarily will contain less than about 1%, 
typically less than about 0.5%, and usually less than about 0.2% of water. 
Moreover, Form 1 crystals ordinarily will contain less than about 20%, 
typically will contain less than about 10%, often less than about 1%, and 
35 usually less than about 0.1% nonqystalline AD. Often, Form 1 crystals will 
contain no noncrystalline AD that is detectable by DSC, XRD or polarized 
light microscopy at lOOX magnification. Form 1 AD is typically 
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substantially free of c^stallization solvent, i.e., typically less than about 
1%, usually less than about 0.6%, if adequately recovered from the '\ 
crystallization bath, and it;does not contain lattice-entrained solvent 
"-molecules* ;. ^:,;;* 

5 : Form 1 crystals generally have a median size by light scrtteimg of ^ V 

about 25-150 ^ni, usu^dly . about 30^ Individual.Form 1 preparations 
usuaUy coritain^CT^ 

V have:a::lypical ina?d^ iridiyidued xryst^^ ^y^^iw^p;/^^^' 

preparation of about 60-200 |mi, In some Form 1 preparafionis, abpift^'S 

10* 10% of the crystals in a preparation will have a maximum dimerisidri q^^^^^^^^ 
^' greater than 250 ^jun. The Form 1 crystals shown in figures 4-ip typically; ■ • 
have tablet, plate, neecUe and/or iiregular habits. Aggregates of Forin [ 
crystals also occur with a typical diameter range of about 25-150 jirri^ - ^ v" ' 
Form 1 crystals exhit)it a DSC endothermic transition at about i02."C 

15 (see figurie.2) and an IR' spectrum essentially as depicted in figure 3. ; * 

Different Form 1 crystal preparations have a btilk density of about O.I5TOf60r 
g/mL, usually about 0.25-0.50 g/mL, with a surface area of about 0:40^2^20^^ 
m?/g, usually about O;20-0:6p m^/g. Form 1 AD is thus characterized^jpan^ 
XRD spectrum peak using Cu-Ka radiation, expressed in degrees 26 cit 

.20, one (or combination) of iabout 6.9 and/or 11.8 and/or 15.7 and/br £6,7 and 
an endothermic transition as measured by differential scaxining . :^ 

- " calorimetry at about 102*. Form I AD is alternatively characterized.by.aii:^^ 
obvious XRD spectrum peak using Cu-Ka radiation, expressed in degrees: . 
26 at 6.9+0.1, 11.8±0.1, 15.7±0.1, 17.2±0.1, 20.7±0.1 and an endotiiermic 

25 transition peak as measured by differential scanning calorimetry at - - — 

102.0±2* and/or an endothermic onset at 99.8±2\ 

The Form 2 XRD pattern, an example of which is depicted in figure 
30 11, usually shows a peak(s) at about 22.0, typically at about 183 and about 
22.0, or more tjrpically at about 9.6, about 18.3 and about 22.0 and ordinarily 
at least at about 9.6, about 18.3, about 22.0 and about 32.8. Typically any 
three or four of these four characteristic XRD peaks, or usually either (1) 
four peaks or (2) two or three of these peaks coupled with differential 
35 scanning calorimetry data or melting point data, is sufficient to distinguish 
Form 2 crystals from other forms or to identify Form 2 itself. The Form 2 
XRD pattern usually shows a peak(s) at any one (or combination) of about 
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8.7-8;9, about 9.6, about 163, about 18.3, about 18.9, about 19.7, about 21.0- 
21.3, about 21.4, about 22.0, about 24.3, about 27.9, about 30.8 and about 32.8. 

V Form 2 crystals are AD dihydrate, and the^ _ 
essentiaUy iio detectable crystallizatioh solveiit, other than water. ^Form 2^^^^ 
5 ; crystals ordiruurUy will contain less than about 30%, typically le^s ihan v 
about 10%, pften.less than about 1%, usually less than abbij^t 0-1% of , . 
: ; ribnqystiallm crystals will cpnt2iin 

\ AD ijiat is detectable DSC XRD pr polarized Right nucrpscppy at .lOOX ; ; 
: 4' J magnificatiGn. :Form.2 crystals typicaUy: have a jnecUan si^ 
10 r ^uhoby light scattering, ordinarily about 25-80 |im. Individual Form .2 y 
preparatioiis usually contain crystals that have 'a length range of .about :!- :: 
300 ;^in. Forni 2 crystals hav(B a DSC endotheriruc transition at about 73^^^^^ 
(see figure 12) and an IR spectrum substantiallyvas shown in figure 13. . 
Form 2 AD is thus characterized by an XRD spectrimi peak iisir\g C 
15 ; radiation, expressed .in degrees 26 at any one (or combination) of about -9;i^ . 
and/ or about 18.3 and/or about 22.0 and/or about 32.8 and an end 
transition as meaisured by differential scanriihg^alorimetry at abdiit 73*y^^ 
; Form 2 AD is alternitively characterized by an obvious XRD spectrtiinr :u 
peak using Cu-Ka radiation, expressed in degrees 29 at 9-6±0.i, 18.2l±d.i, 
20 22.0±0.1, 24.3±0.1 and 32.8±0.1 and an endbthermic tranisition peak a3: 

measured by differential scanning calorimetry at 727±r and/or art * ; _ 
endothermiconset at 69.5±2". C 

pprm 3 .L 
A Form 3 XRD pattern such as that shown in figure 14 usually 
25 shows a peak(s) at about 8.1, typically at about 8.1 and about 25.4, or more^^^ 
typically at about 8.1, about 19.4 and about 25.4. Typically any one or two of 
these three characteristic XRD peaks, or usually either (i) three or four of 
these peaks or (2) two or three of these peaks coupled with differential 
scaiming calorimetry data or melting point data, is sufficient to distinguish 
30 Form 3 crystals from other forms or to identify Form 3 itself. Form 3 AD 
has an endothermic transition at about 85* as measvired by differential 
scarming calorimetry (figure 15). The Form 3 spectrum commorJy has 
peaks at any one (or combination) of about 8.1, about 8.7, about 14.1, about 
16.5, about 17.0, about 19.4, about 21.1, about 22.6, about 23.4, about 24.2, 
35 about 25.4 and about 30.9. 

Unlike Forms 1 and 2, Form 3 crystals contain about one equivalent 
of methanol in the crystal lattice. The methanol typically is donated by 
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crystallization solvent." However, Form 3 contains essentially no other 
• detectable solvent or water. Form 3 crystals ordinarily wiU contcdn 1m 
; : than about 20%, typically less than about 10%^ 

usually less than about 0.1% of noncrystalline AD. The crystals will 
5 : . contain no noncrystalline AD :that is detectable by DSC, XRD or polarized 
> V light microscopy at lOOX magnificatipii Form 3 qystals; typically have a 
^ mi2di^ siM of abput:20i-150 pim by light scatteriiig, ordinarily aboiit 30-120 
" , .|iin. Iiuij|^viduar - 
■ ' ler^gth range of 
10-" • 

Form 4 

A Form 4 XRD .pattern such> as that shown in figure 16 usually . 
shows, a peak(s) at about:26.3, typically at about 26.3 and about 31.7, or 
¥ typically at about 26.3, about 31.7 and about 15.1, or usually at about 26.3, . . 

15 : about 31.7, about 15.2 and about 21.0. Typically these four characteristic r ■ 
XRD peaks, or usually either (1) three of these peaks or (2) two or three of - 
these peaks coupled with differentia;l scanning calorimetry data or melting 
pbiht data, is sufficient to distinguish Form 4 crystals from other forms or 
to identify Form 4 itself. Form 4: AD has endothermic tfaiisitions at about : 

201; 12VC and about 148*C as measured by. differential scanning calorimetry 
(figure 17). The Fonri 4 spectrum commonly has .peaks at any one (or^ 

' combination)-of about 9.8, about 15.2, about 15v7, about 18.1, about 18.3, • 
, J, about 21.0, about 26.3,.and about 31,7. Form 4 AD is thus characterized by 
an XRD spectrum peak using Cu-Ka radiation, expressed in degrees 29 at 

25^ any one (or combination) of about 15.2 and/or about 21.0 and/or about 26.3 
and/or about 31.7 and an endothermic transition as measured by 
differential scanning calorimetry at about 121.3' and about 148.4". Form 4 
AD is alternatively characterized by an obvious XRD spectrum peak using 
Cu-Ka radiation, expressed in degrees 29 at 9.8±0,1, 18.110.1, 21.0±0.1, 

30 263±0.1 and 31.7±0.1 and an endothermic transition peaks as measured by 
differential scanning calorimetry at 121.3±2" and 148.4±2\ 

Crystalline Salts of Organic and Inorganic Acids 
Figures 18-26 show XRD spectra obtained from crystalline salts or, 
35 alternatively, complexes of AD and organic and inorgamc adds. These 
salts are a hemisulfate salt or complex (fig 18), a hydrobromide salt or 
complex (fig 19), a nitrate salt or complex (fig 20), a mesylate (CH3SO3H) 
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salt or complex (fig 21 J, an ethyl sulfonate salt (C2H5SO3H) or complex (fig : 
22), a prnaphthylene sulfonic acid salt or complex (fig 23), an a- 
naphthylene sulfonic acid, salt or coixvplex (fig 24), ari (S)-camphor sulfonic 
acid salt or complex (fig 25) and a succinic add salt or 'complex (fig:26). 

5 v . 

compounds and allow one to identify eadi compourid from other 
" crystalline forms. : \ V ■ ' 

Figure 18 shows that the hfiim^ distinctive . 

XRD peaks in degrees 29 at any one (or combination) of about 8.0, about^ : 
10 ^ 95, about 12.0, about 14.6, about 16.4, about 17 18.3, . 

about 19.0, about 20.2, about 2i2.7, about 24.1 and abo^ The salt of * 

Gbmpiex has a melting point of about 1314134 -C. It is thus characterized :as 
having four of these distinctive XRD peaks at about 12.0, about 14.6, about- 
16.4 and about 17.5-17.7. One nmy further characterize the compoimd as ' . 
IS having three or four of these XRD peaks and Imving a melting point of 
. ' about 131-134*C. The hemisiilfate oif AD is alterMtiyely chara 

an obvious XRD spectrum peak using Cu-Ka radiation, expressed in . k; . 
degrees 29. at 8.0±0.1, 12.0±0.1, 14.6±0.1, 16.4ak).l and 17:5-17,7+03 and a ' 
melting point of 131-134±2-C. 
10 Figure 19 shows that the hydrobromide salt or complex has 

distinctive XRD peaks in degrees 29 at any one (or combination) of abo 
..Jr .. 13.2, about 14:3, about 15.9, about 17.8, about 20.7, about 21.8, about 27.2 and u 
about 28.1. The salt or complex decomposes on heating at about 196-1 99*G. 
It is thus characterized as having four distinctive XRD peaks at about 13.2>: 
.25-' about 14.3, about 17.8 and about 28.1. One may further characterize the- - 
compound as having three or four of these XRD peaks and decomposing 
on heating to about 196-199*C. The hydrobromide of AD is alternatively 
characterized by an obvious XRD spectrum peak using Cu-Ka radiation, 
expressed in degrees 29 at 13.2+0.1, 14.3±0.1, 17.8±0.1, 20.7±0.1 and 27.2±0.1 
30 and a decomposition point of 196-199±2.0\ 

Figure 20 shows that the nitrate salt or complex has distinctive XRD 
peaks in degrees 29 at any one (or combination) of about 8.0, about 9.7, 
about 14.1, about 15.2, about 16.7, about 17.1, about 18.3, about 18.9, about 
19.4, about 20.0, about 21.2, about 22.3, about 23.2, about 24.9, about 27.6, 
35 about 28.2, about 29.4 and about 32,6. The salt or complex decomposes on 
heating at about 135-136°C. It is thus characterized as having four 
distinctive XRD peaks at about 14.1, about 23.2, about 29.4 and about 32.6. 
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One may further characterize the compound as having three or four of 
these XRD peaks and having a melting point of about 131-134*C. The 
nitrate of AD is alternatiyely characterized by an obvious XRD spectrum . 
^ peak using Gu-Ka radiation, e)<presse^ 
5 23:2±0:i, 29.4i0:a and 32.6±6:l and a decompbs^^ / 
Figiire 21 shows that 
XRD pieais in . 
15.5, about 164 abmit 175,^^^^ 24,8, about 25.4 and^ ^ 

aboutN29;5. The satt b^ It 
10 is thus characterized as liaving fdiirtc^ peaks at about 4.8, 

abcbtl55, about 20;2^nd abp^^ One may further characterize the • 
compiound as havMg three or four c^^^ XRtJ peaks and -having a ; 
melting point of about 138-139'C. The mesylate of AD is alternatively r:v^^ 
characterized by an obvious XRD spectrum peak using Cu-Kcx radiation, 
15 expressed in degree^ 29 at 4.8104, 15.5±0.1, 16,2±0.1, 20.2+0.1 and 24.8±0.1 
and a meltiiig point of 138-13912*. 

Figure 22 shows that the ethyl stUfohate salt or complex has 
distinctive XRD peaks in diegj-ees 26 at any one (or combinatioiO of aboiifet"^ 
4;4, about 8.8, aboiit 18.8, abput.23-0^^^^ . 
20i compliBX has a melting point of about 132-13yG. It is thus chajracterized as 
having four distinctive XRD peaks at abbut 4.4, about 8.8, about 18.8 andt 
about 27.3. One may fturther characterize the compoimd as having three or- 
four of these XIID peaks and having a melting point of about 132-133'^C. ^^^^^^ 
The ethyl sulfonate of AD is alternatively characterized by an obvious XRD ^ 
25 spectrum peak xising Cu-Ka radiation, expressed in degrees 20 at 4.4±0.1V' 
8.8±0.1, 18.8±0.1, 23.0-23.3±0.3 and 27.3±0.1 and a melting point of 132- 
133±2-. 

Figure 23 shows that the |J-naphthylene sulfonic add salt or 
complex has distinctive XRD peaks in degrees 29 at any one (or 

30 combination) of about 9.8, about 13.1, about 16.3, about 17.4, about 19.6, 
about 21.6-22.3, about 23.4, about 24.1-24.5 and about 26.6. The salt or 
complex has a melting point of about 156-157*C. It is thus characterized as 
having four distinctive XRD peaks at about 13.1, about 17.4, about 23.4 and 
about 26.2. One may further characterize the compound as having three or 

35 four of these XRD peaks and having a melting point of about 156-157*C. 
The p-naphthylene sulfonate of AD is alternatively characterized by an 
obvious XRD spectrum peak using Cu-Ka radiation, expressed in degrees 
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26 at 9.8±0.1, 13.1±0.1, i7.4±0.1, 23.4±0.1 and 26.2±0.1 and a melting pqintdf- . 
156-157±r, ^j^v 

Figure 24 shows that the a-naphthylene sulfonic acid salt or 
complex has distinctive XRD peaks in degrees 29 at any one (or 
5 combination) of about 8.3, about 9;8, about 115, about i5.6,.about 16.3^ ; 
about 16.y^l7.4, . about 19.6, aboiit 21.0, about 22.9, about 23.7, about 25.0 and- 
abput 26.1. The salt or complex has a melting point of about 122rl28*G. It 
^. is thus diaradi^ized as haying iour- distinctive XRD peaks at about 9.8, . 

about 15.6; about 19.^^ 
JO- compoimd as?h£^ying or four of these XRD p^aks arid hiiiving a . 
melting ppint of about 122-^i28*C. The. arimphthylene sulfonate of AD is 
alternatively characterized by XRD spectrum peak using Cu-^Ka 
radiation, expressed in degrees 29 at 9.8±0.1, 15.6±0.1, 19.6±P4, 21.Q±G.1 iru| 
26.1±0.1 and a melting point of 122-128±2*. 
15 :^ Figure 25 shows that the (S)-camphor sulfonic add salt or complex^ . 

has distinctive XRD peaks in degrees 26 at any one (or combination) of 
about 5.4, about 6.5, about 13.7, about 15.5, about 16.8:^17.2, about 19.6>- about ^ 
20.4-20.7, about 2i.2,.ail5out 23.1, about 26.1, about 27.5, about 28.4, about 3m' 
and about 32.2, The salt or complex has a melting point of about 160- 
20 16rcf. It is thus characterized as having foiir distinctive XRD peaks at 
about 5.4, about 6.5, about 13.7 and about :16.8-17.2. One may further v 
' ^ characterize the compoimd as having three or four of these XRD peaks and 
having a melting point of about 160-161X. The (S)-camphor sulfonate. of.. 
AD is alternatively characterized by an obvious XRD spectrum peak using^ 
25 ' Cu-Kdc radiation; expressed in degrees 29 at 5.4±0.1, 6.5±0.1, 13.7±0:1, 16:8^''' 
17.2±0.3 and 19.6±0.1 and a melting point of 160-161±2\ 

Figure 26 shows that the succinic acid salt or complex has distinctive 
XRD peaks in degrees 26 at any one (or combination) of about 4.7, about 
9.5, about 10.6, about 14.9, about 163, about 17.4, about 17.9, about 19.9, 
30 about 20.8, about 22.1, about ^.9-24.2, about 26.5, about 27.6 and about 28.2. 
The salt or complex has a melting point of about 122-124'C. It is thus 
characterized as having four distinctive XRD peaks at about 4.7, about 9.5 
about 14.9 and about 17.4. One may further characterize the compound as 
having three or four of these XRD peaks and having a melting point of 
35 about 122-124*C. The succinate of AD is alternatively characterized by an 
obvious XRD spectrum peak using Cu-Ka radiation, expressed in degrees 
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..28,at-9:5±0.1, 14i%0.1, 16.310.1, 17.4±0.1-and-23.9-24.2dfl3 and a melting - 
pciint of -122512^12:.- ' " . ' 

. iInvention"4im^ include .Gompositions .comprising a. ^ i . 

crystailineisalt,^^^.g.;.^a salt.as .characterized above, .of ^adefoyir dipiyoxil and 

' a^RMrmSteufically ^Other embodiments Jinclude .a 

- Plj^^^^l^E^eja^phM 

.aicmstalline^salt>ie^g,,'a salt)as:charactenzed^above,ioLadefoy/Xrtdipivoxil . 
.andna^pltalmaceuiiically ra^ -excipient(s).^. QtRer^^emboaiments- - 

include^thp.nro^iirt^nrnfliirpd'bv the nrocess of contactinc aitrvstalline^salt. 



10, 



'?:.SvLa.saljt^a 

pharmaceutic^ - ^ ^ \^ 



..i- J^ii 
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Diagram A below shows.a representative process flow diagram for 
making AD and Form 1. AD crystals. . * V- 



(EtO)2P(0)H 



Biagrara A 



step^l 

1. (CH20)n/Et3N 

2. p-TsCl ^ 



(EtO)2P(0)CT2-OTs 
NH2 





step 2 

adenine 

. ...^^ .. 

-DMF • 
NaOH 



NH, 



.P(0)(0Et)2 



step 4 

(CH3)3SiBr 
CH3CN 



steps „ ^xr/^N 

(EtO)2P(0)-GH2-OTs N 

DMF . <^^OH 
(CH3)3C(0)Na: 



NH. 




FonhlAD 



-.i^ ..... „-.„-..;,Qj^..,.- 

step 5 

chloromethyi pivalate 

NMP 

EUN 



step 6 

acetone 

di-n-butyl elher 
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One can increase or decrease the scale of the process steps shown in 
Diagram A and described below if desired. . 

Methods fox Pirthyl p-tpluengsuifgnyloxyinethyip Symhesig 
5 In an embodiment, synto^ ; 

V. - toluenesiilfonyloxymethyl-phosphpnate, shoWn in Diagram A, Step 1, is 

described as folibws. In a reactor 'having an Im 
. / nitrogen, a jnixhire : of <^ (0.22 

. kg); and triettiylamin 87°C (84 to 

10 , ilO^'C) for 2 hours with agitation, then hiBjated tp refl maintained for 

at reflux for 1 hour, until the reaction is complete. Reaction completion is 
^ monitored by TLC (trace or np diethyl phosphite detectable) and confirmed 
by IHNMR showing no more than 1% of the diethyl phosphite peak at^5 
8.4-8.6 ppm. The solution is cooled to about 1°C (-2 to 4'C) and p- 
15:*; toluenesulfonyl chloride (1.0 kg) is added and then triethylamine (0.82 ;kg) 
r ^ at no more than 10°C is slowly added (over about 3-6 hours in an - ^ 
- exDtherinic reaction). The resulting mixture is warmed to 22**C (19-25'C) 
and stirred :for at least 5 hours (typically abdiit 16-24 hours), tmtil the ^^ 
reaction is complete. Reaction completion is monitored by^ TLC (trace or 
20/ no p^tbluenesulifonyl chloride detectable) and corrfirmed by NMR (p- 
- - toluenesiilfonyl chlonde doublet at 5 7.9 ppm no longer detected). The 
solids are removed by filtration and rinsed with toluene (0.34 kg). The 
combined washings and filtrate are washed either twice with water (1.15 :kg 
each), or optionally with a sequence of water (1.15 kg), 5% aqueous sodium 
25*^ carbonate (3.38 kg), and twice with water (1.15 kg each). In the event-^^^--^- 
emulsion occurs, brine may be added to the first organic/ water mixture. 
The organic phase, which is at no more than 50°C, is distilled in vacuo (to 
LOD no more than 10% and water content, by KF (Karl Fischer) titration, 
no more than 0.5%), affording the title compound as an oil of about 85- 
30 95% purity, exclusive of toluene. The oil may become viscous on cooling. 

Methods for 9-f2-HydrQxyethyn adenine Svnthesis 
In an embodiment, synthesis of 9-(2-hydroxyethyl)ademne, shown 
in Diagram A, Step 2, is described as follows. In a reactor having an inert 
35 atmosphere, e.g., nitrogen, sodium hydroxide (6 g) is added to a slurry of 
adenine (1.0 kg) and molten ethylene carbonate (0.72 kg, m.p. 37-39'*C), in 
DMF (2.5 kg) and the mixture is heated to 125^C (95°C to reflux) with 

20 



wo 99/04774 



PCT/US98/15304 



agitation until the reaction is complete (about 3-9 hours if the mixture . : 
temperature is at llO^'C to reflux or about 15-48 hours if at 95 to llO'^C). \ 
. Reaction completion is monitored by (no more than 0.5% adenine ■ 

remaining). The^rnixtiire is cooled to below 50°C and diluted with toluene ; 
5 (3.2 kg). The resiiting slurry is cpok^^ to 3°C (0-6"C) and agitated for at . 
least 2 hours. The slurry is filtered and the filter cake is washed twice with 
cold^O-S-C) toluene (6.6^^^^^^ The filter cake is (hiediiri vacuo at aS.feT" 

70*?C^(iTiO more than 2%jtoluene/by l^-N^ T 
milled, affording thei^titie cpmpoiind as a white to off-white powdery solid. 
10' • ' ^ \~ 

Methods for 9-r2-(Diethylphosphonomethoxy>eth^^^^ 

Synthesis 

This compound is preparied using a composition comprising 
sodium alkoxide (Gi.6 alkyl) and 9-(2-hydroxyethyl)adenine. One ^contacts 

15 c sodium aUcpxide, typically sodium t-butoxide or spdium i-propoxide, with 
9-(2-rhydroxyethyl)aderiine in a solvent such.as DMF, at a temperature of 
about 20-30- over about 1-4 hours. The synthesis; typically .gives good : ^ c 
results with 1 molair equivalent of 9-(2-hydrpxyethyl)aderuhe and aibout . 
1.2-^2.2. molar equivalents of sodium alkoxide, . 

20 In an embodiment, syrithiesis of 9-[2-(diethylphosphonomethoxy)7 , 

ethyljadenine, shown in Diagram A, Step 3,iis described as follows. In a^.- ... 
reactor having an inert atmosphere, e.g., nitrogen> a slurry of 9-(2^-: 
hydroxyethyl)adenine (1.0 kg) and DMF (4.79 kg) is warmed to about ISO'^^ 
(125-135*) for 30-60 minutes. The reactor contents are rapidly cooled with 

25" vigorous agitation to about 25' (20-30*) and sodium t^rt-butoxide (0.939^^ - 
kg) is added in portions over about 1-3 hours while maintaining vigorous 
agitation and the contents temperature at about 25* (20-30"). The agitation 
and temperature is maintained for about 15-45 minutes after all soditun 
tert-butoxide has been added. Then the reactor contents are cooled to 

30 about -10' (-13 to 0*) and a solution of diethyl p- 

toluenesulf onyloxymethyl-phosphonate (2.25 kg on a pure basis) in DMF 
(1.22 kg) is added over about 5-10 hours. The mixture is kept at about -5* 
(-10 to 0*) until the reaction is complete, which is typically about 0.5-2 
hours after the final portion of diethyl p-toluenesulfonyloxymethyl- 

35 phosphonate has been added. Reaction completion is monitored by HPLC 
(not more than 3% 9-(2-hydroxyethyl)adenine remaining). Glacial acetic 
acid (0.67 kg) is added, with the pot temperature controlled to no more 
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: -thanZO*. The mixture "at about 22* (15-25°) is agitated for about 15^^ 

minutes. The quenched mixture is concentrated in vacuo until 
. distillatipn stops and the contents are then cooled to below 40'. 
: " DicWpromethahe:(16;0 kg)'is added^ a coritehts at 20° (15-;^5') are . 

5 a^tatisd for atlleast l^h If the DMF conterit yersxjis total soUds :(^ : 

(sodium tosylate), NaOAc, EfePME A) is greater :than,2p% (by lH,NMR) the' 
V; J inixture is concenttated m Mcwp are; - 

copied to beilow 40*e, dicldordmefliane (16 k^^ V 
contents at^ibput M^^ 
it)' • Diatomacep coritents, which axe at about 

^ 20- (15-25*), are agitated for at least 1 hour. The solids are removed by ^ 
: : filhratibn and. rinsed 3^^^ t^ with CHiGlz (about 1 kg each). Tlie filtrate-' - / 
: and ririses at no more ith^n 80' are concentrated in vacuo until distillation V 
stops, the reactor contents are cooled to below 40% dichloromethane (5.0';- ^ • 
15: kg) is added to the residue and the contents at about 25' (20-40') are - , 
agitated to dissolve the solids. The resulting solution at no more than^'SOyJl. 
is concentrated m iwcttp imtil distillation stops. Dichlorom^e thane (7.0 jk^^^ 
is added and the contents at about 25* (20-40') are agitated to dissolve - 
solids. If the DMF cbnteiit compared to diethyl PMEA is gr(e?iter than 12%,, 
20 the mixture at no more than 80* is concentrated in vacuo, the contents are 
cooled to below 40% dichloromethane (7.0 kg) is added and the contents at 
- - about 25' (2O-40*) are agitated. to dissolve the solids. The mixture is 

washed, with water (0.8 kg) at about 25' (22-30*) by agitating for about 15^5^, 
minutes. The phases are allowed to separate for 4 hours and the phases - 
25 " are then separated: The aqueous phase is back-extracted twice with 

dichloromethane (1.5 kg per wash) by agitation for about 15-45 minutes 
with the solution maintained at about 25" (22-30*), followed by allowing 
the phases to separate for at least 2 hours. The combined organics at no 
more than 80* are then concentrated in vacuo until distillation stops. 
30 Toluene (3.0 kg) is added, agitated at about 25" (22-30') for about 15-45 
minutes and the resulting mixture at no more than 80* is azeotroped in 
vacuo. Toluene (3.0 kg) is added and the mixture is heated to about 80* 
(75-85*), agitated for about 15-45 minutes, cooled to below 30* over about 
60-90 minutes and then cooled to about 0* (-3 to 6"). After at least 12 hours 
35 at about 0* with slow agitation, the resulting slurry is filtered and the filter 
cake is rinsed three times with cold (about 0-6') toluene (about 0.2 kg per 
rinse). The wet cake is dried in vacuo at about 50* (35 to 65') and the dried 



wo 99/04774 



PCTAJS98/15304 



product is milled* Product drying is monitored for water removal (no y\} 
, more than 0.3% water .detected by KF titration). The iiiert atmosphere iaf; ' 
maiiUained throughout step 3. 

Methods for PMEA S^mthesis '\'^y'/-^ 
■ 'iS - In an einbodiment, synthesis of PMEA, shown in Diagram A, Stc;f)^4> ; ? 

, . J : . , is described ias follows. In a reactor having an inert atm : 
^ > nitrogen, a mixture of diethyl PMEA (1.00 kg), acetonitrile (2.00 kjg), and g - 
brornotrimethylsilane ;(i;63 kg) is heated to and miadntaihed ratjreflux ^ 
: ? about 1^3 hours with ^gUation, ;imtil Reliction 
j M Gompletipn is^monitored b 31p NMR or HPLC (ho diethyl PMEA andiind ; • 
I mof e;thaa\ 2^ PMEA detected). The Solution at < SO'C is 

^ distjlled^m vacuo to a semi-solid, which is taken up in water (2^0;.k^ 4^ 
warmed to aboiit 55^C (52-58°C) for about 30^60 minutes with agitationv|^ : 
dissolve all solids. The resulting mixture is cooled to about 22°C (19-25°C); -^^^^ 
.. i5> adjusted to pH 3.2 with aqueous sodium hydroxide, the contents are f ■ 
• . • heated tp,about 75°e (72-78°C) imtil the consistency thins (aboxit 15Tl20;tv.; 
minutes), cooled to about 3°C (0-6 "^C), and stirred for at least 3 hours (376^ 
hoiirs). The slurry is filtered and the filter cake is rinsed with water (1:00^ v ^ 
kg). The wet cake is suspended in water (3.75 kg).and the stispension is 
20 heated to about YS^'C (72-78°C) with vigorous stirring. After stirring for^ ^ 
dibout 2 hours,' tKe slurry is cooled to about 3^C (Oh6 ""C) and stirred ;fdr at.t ' ' 
least another 2 hours. Tlie slurry is filtered and the filter cake is rinsed! ' 
sequentially with two portions of water (0.50 kg per rinse) and two 
portions of acetone (1.00 kg per rinse). The isolated solid is dried in vacuo 
25 at no more than about SO^'C to a low water content (no more than 0.5% 
water detected by KF titration), to provide PMEA as white crystals. The 
product is milled to a fine particle size. 

Methods for AD Synthesis 

30 An exemplary method to prepare AD comprises suspending 1 molar 

equivalent of PMEA in a volume of about 5.68-56.8 equivalents of 
NMP/equivalent PMEA and, after one suspends the PMEA, adding about 
2-5 molar equivalents, often about 2.5-3.5, usually about 3 molar 
equivalents, of triethylamine ('TEA") to the solution using mild to 

35 moderate agitation. One then adds about 3-6 molar equivalents, often 
about 4.5-5.5 molar equivalents, usually about 5 equivalents, of 
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chloromethyl pivalate" to obtain a reaction mixture. We usually prepare 
the reaction mixture at room temperature. One heats the reaction niixture 
to mairitaih a temperature of less than 66% t>^ically abpiit 28-65% usually : 
sbetween about 55-65" for about 2-4 hours to conduct the reaction. The ; 
.timie needed to heat the reaction mixture to abput 28^65% aW 
can vary depending on the reaction mixture volume and ihe capacity of * 
the apparatus used Wiveat •the mixture. KCid or moderate ag^tatio v 
maintains solids in suspension during the reaction and tju^ 
extensive splashing of the reactants in the reaction vessel.' lids method 
10 V resiilfe in a product comprising AD produced by the ^process of reacting the 
listed reactants, typically under the given conditions. 

In an embodiment, conversion of PMEA to AD' shown in Diagrain ^ 
A, Step 5> is described as follows. In a reactor having andnert atmosphere; 
e.g., nitrogen, a mixture of l-methyl-2-pyrroiidinone :(3:15 kg), PMEA (1.00 ■ 
15 kg), triethylamine (l.ll kg), and chloromethyl pivalate (2.76 kg) is heated 
to about 60 ± 3°C (no more tiian 66*C) and stirred using moderate agitation 
for < 4 hoiurs (1-4 hours) until the reaction is complelte^ as indicated by 31t 
7 NMR or HPLC (no more thain 15% mono(POM)PMEA). The nibcture is ' . 
diluted with isopropyl acetate (12.00 kg), cooled to 25 ± 3^C, arid agitated for 
20 about 30 minutes. The solids are removed by filtiration^and Washed witli 
isopropyl acetate (5.0 kg). The combined orgariics are washed iwice withv 
water-(3.70 kg per wash) by moderately agitating the mixture at a mixturb ^. 
temperature of 25 ± 3°C for about 15-45 minutes. The combined aqueous 
washes are back-extracted twice with isopropyl acetate (4.00 kg per 
25- extraction) at a mixture temperature of 25 ± 3°C by agitation for 15-45 

minutes. The combined organics at 25 ± 3®C are washed with water (1.80 
kg) by agitation for 15-45 minutes and then the organics at about 35 ± 5°C 
(no more than 40*C) are concentrated in vacuo to approximately 40% of 
the original volume. After a polishing filtration (1 (rni filter), and a rinse 
30 forward with 1.5 kg of isopropyl acetate, the concentration of the organics 
in vacuo is resumed tmtil a pale oil remains the organics at about 35 ± 5°C 
(no more than 50"C). The oil tj^ically comprises about 6-45% AD, usually 
about 30-42%. 
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Methods for AD Crystallization 
AD Crystallization from the organic oil is usually accomplished by 
; (1) using a relatively low volume of NMP in the AD s)nithesis reaction as 
compared to the amount of PMEA present as a.reactant , i.e., less than 
5 : about 10 mL NMP per gram EMEA, ,^d/or (2) by mi^ ampiint 
of isopropyl acetate that remains entrained in the organic \oil after vacuum 
\ f ■ distiU by allowing sufficient time for yacuym 

atJeastabout 4-6 hours. The aggregate of reaction:starting,materi^ 
? . ; NMP br PMEA, in the oil caiy account for .giboiit 2-20% of the oy^talUzation ■ 
10 _ solution; but g :\\Hien crystals are prepared^ 

V from organic oU, about 20-45%, often about 30-42%, and usually about .fS- / 

V p 42% of AD is present in the oil before addirig crys^^^ . V 

One optionally crystallizes AD optionally from a supersaturated 
V ; solution. Nucleatiori occurs in such supersaturated solutioris, and readily 
15 ■ leads to crystal formation. Nucleation rates typically increase when the 

V degree of supersatiiration and the tempierature increases. SupeirsatiiratedO , 
solutions typically, are prepared by changing the temperature (usually iX-- 
decreasing it), isolvent evaporation or alteriiig solvent composition, e.g., by 

V adcfing a miscible nonsolyent or poor solvent Combinatioris of these : 
20 methpds also generate supersaturated AD solutipns, e.g., using 

evaporation under reduced pressure to both cool the solution while . 
-.\..V increasing the solute concentration. 

Crystalline AD is prepared by allowing crystal formation in an AP 
composition, usually from a solution of AD in a crystalUzation mixture < 
25- containing at least about 6%, typically at least about 30%, usually at least * 
about 35%, of AD. One would ordinarily conduct crystallizations by 
preparing an AD solution comprising about 6-45% AD and about 55-94% 
crystallization solvent. The upper limit of solubility of AD is about 10-41% 
for most crystallization solvents at room temperature. AD is not freely 
30 soluble in some crystallization solvents, e.g., AD solubility in di-n-^butyl 
ether is less than about 0.3 mg/mL, and adding these solvents to an AD 
solution increases the degree of saturation or supersaturation of the 
solution. One usually uses organic solutions containing an amount of AD 
that is near the upper solubiUty limit in the crystallization solvent(s). The 
35 lower amount, about 6%, is the minimxmi amount of AD needed in a 
solution to consistently yield crystals. Cert£iin solvents, e.g., methanol or 
CH2CI2/ can contain more than about 50% AD. 
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The temperature at which crystallization is conducted is not critical 
and can vary, as the crystallization process lisually proceeds spontaneously 
over a ;range of temperatures. Crystallization at temperatures above about 
35', especially about 45^50- inay resiilt in reduced yield and/or in an 
.;5 . ; ; increase in inipurifies assodated wi the crystals. Crystallizations are 
generadly conducted-at temperature ranges of about -5" to about 50% often 
about Ot35% usuadly about 4-23*:. One cart optionally use crystallization ^ 
temperatures below the crystal yield or to, (enhance the 

crystal formation rate> b^ result in 

1Q\ iricreased by^prpiciuc^^^ Thius it i^Igener more conveiiient and economic 
to use solvents either a:t a^ 

23*) or at the typical cooling tem^ apparatus or 

methods can easily reach ((a^^ When a solution contains 

relatively low cbnGentrations of AD, i.e., abbt^t 10-20%, crystallization at a 
15 relatively low temperature, i.e., about 0-15" will often enhance aystal 
yields, 

Heatirig the solution containing AD and crystallization solvent(s) to 
a point above Toom temperature, preiferably to about 35% appears to 
facilitate crystallization, prestunably by irtcreasing the nuclealion rate. .The 

2Q time to heat the crystaliization mixture to about 35° is not critical and can 
vary according to the-capadty of the apparatus used> generally over a 
' period of about 20-45 minutes.^ Heating is then discontinued and the 

, . temperature is reduced by cooling or by allowing the temperature to fall^ 

for about 10-120 minutes. During this time, crystals form and continue to 

25 ' . form over a period of at least about 4-36 hours. Crystallization usually ^ 
begins immediately or shortly after the crystallization mixtiure has reached 
35'. We usually conduct crystallizations by allowing the temperature to 
fall to about 0-23*C after the solution reaches 35*. Crystallizations 
conducted vdth or without mild to moderate agitation, typically with mild 

30 agitation, routinely giye good results. 

Appreciable crystallization usually occurs over a period of about 5 
minutes to about 72 hours and about 10-16 hours routinely give good 
results regardless of the solvents used. The time of crystallization is not 
critical and can vary, although relatively short crystallization times (about 

35 30-90 minutes) may result in reduced AD recovery. When one adds 
crystallization solvents to reaction mixtures containing other organic 
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solvents, e.g., NMP, crystallization usually begins immediately once the . _ . / 
temperature has reached about 35'or less and the solution becomes hazy. 

Crystallizations are; conducted in conm 
manufacturing :^plart apparatus, e.g., roimd bottom flasks, Erleiimeyer; 
5 flasks, stainless steel r^acftbrs or glass lined reactors. One will usuaUy ; 

; conduct the crystallizations using standard laboratory scale or coirimerdai: ; 
scde:manufacturing apparatus for mechanical agitation and tempCTatiir^v^; 
.rr^ -control. ' ■ ^\ -r ' ■ \ ' v'";^''-^?!^:?' 

V ; ; When iisiiig vdrystalUzati^ sj^stenis. containing two different * ^ f /r^ 

IP solyeiits; one g^ri^all^ to the AD first, : 

■ ;; ■ followed by adcUtipn of i^^ solvent. One optionally renvpves j^^^^^ 

undissbivied ^omppriente, if any, from the sohition after one has addgdltiT^ 
first crystallizatipn sblyent, e.g., by filtration or centcifugatipn. For. ': v;;;r^f| 
example, when one uses acetorte and di-n-butyl ether to prepare. Form 
15 crystals from an organic, solution containing AD and components frpmj^p^^ 
AD synthesis reiactipn, one usually adds acetone first. Similarly, orie"^'J^ ^^|^.y 
woiild add n-butanol before adding dirnrbutyl ether or one would a(ic3l0|;i^!.^ 
ethyl acetate beforje dinvpropyl ether. A solution contaiiiing the .frr$f j^^Sfi^ 
solvent may become ha?y due to predpitation of monP(POM) PMEA i: Jr^v. 
20 which may be present The monb(POM) PMEA can then be removed ^from 

the solution by standard physical methods, e.g;> filtration or ceritxiftig^Hbii^^^^^ 
^^^^ foUowed by adding the second -solvent, 6; g., di-n-butyl ether. ^^^^y^^^^, 
. . Crystajyyizatipn splyerit^ .we use to prepare Form 1 crystals generaUy...,^, 

contain less than about 0.2% of water. When a significant amount of 
25 water is present in the crystallization solvent, i.e., about 1-2%, the 

crystallization process yields varying amounts of Form 2 crystals, that are 
also recovered together with Form 1 crystals. The amount of water that is 
present in a crystallization reaction is optionally reduced by conventional 
means, induding using anhydrous reagents or by drying solvents using 
30 molecular sieves or other known drying agents. One optionally reduces 
the amount of water that might be present in organic solutions containing 
AD, e.g., from AD synthesis reactions containing by-products and solvents 
such as the organic oil described above, by using an azeotroping co-solvent 
such as isopropyl acetate to reduce water prior to adding crystallization 
35 solvents. 

In an embodiment, crystallization of Form 1 AD, shown in Diagram 
A, Step 6, is described as follows. The pale oil containing AD described 
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\ above is dissolved in acetone (1,0 kg), heated to 35:± 3°C , and diluted \yith__ . 
: . di-n-butyl ether (5;0p kg) in about 4 portions while maintaining a 
, x ; temperature pf about 32-38°C and mod'era^^ agitation. The clear solution "4s ^*. 
,1 cooled to about 25-30?C over about 30-60 minutes (no more than 90 : . 
: minutes), seed^ c;Tyst9ls (about 5 g),.} , 

.and;the contents are theri cooled over about 30-60 minutes ^^^^^ 

^ nidre^than 90 niinjxtes) while msiiiitairung moderate ^ a . 
V agitaition of the mixtt^ icoiitiiiujBd at 22 ± S^'C for :a ininii^ of abcji^,^ : 
15 hoii^^ The' resulting sltu^ is;filtered and the fUter^^^^c^^ 
IQv a vi>rernixed ^ution of acetone (0:27'kg) m di'^«-bu^rether;(i4 k^;(J:ft| : 
v/v). The wet solids areropjdonally further purified by adding jpremixe^ 
acetone (057 kg) and di^n4)u : 
teirijperatiire of the contents ^t 12 ± 3^C for about 15-24 hours with^ ? ^ ! - C • 
^ agitation; The sblids are then filtered, and the. filter cake is Washed wi& ^^^ 
15 : premixed acetone (0.27 kg) and di-n-butyLether (2:4 kg), The filter caikeivi i-/ 
maintained at $ 35^C ^about 25^5°C) is dried m i«icmo for about Irn3.d2|ys^^^^^ 
(LOD nd more tlwi 0.5%), affording Form 1 AD as a white to of f-wWt^;:; i^^^^^^^^^ 
powdeiy solid. The dried product is milled, ? 
The invention includes methods to prepare Form 2 crystals. Fqim 2 
20 • crystals are conveniently prepared by hydrating Fonn 1 crystalsV althpughi^^^^ 
- the^hydrate can-be obtained by cr5rstalli2ing AD from ciystallization 
solvents- containing an amount of water which does not interfere with- 
crystallizatipn, but which provides the requisite water of hydration. Thg:^: ^ _ 
water may be present as ice, liquid water or water vapor. Typically in - 
25'"* placed "into physical contact with Form 1 crystals under conditions for-^^-™- 
formation of Form 2 crystals. Form 1 crystals are optionaUy contacted with 
water vapor in a gas such as air, carbon dioxide or nitrogen, at a relative 
himiidity of at least about 75% to obtain complete conversion of Form i to 
Form 2 crystals. Form 1 crystals are usually contacted with air at at least 
30 about 75% relative humidity for about 1-10 days at about 18-30' or typicsilly 
at room temperature to obtain complete conversion to Form 2. However, 
Form 1 crystals are essentially non-hygroscopic at 54% relative huinidity in 
air at room temperature, with no increase in water content after 13 days 
exposure. 

35 The process of hydrating Form 1 to Form 2 crystals generates 

compositions comprising a mixture of Form 1 and Form 2 AD crystals 
where the proportion of Form 1 AD crystals varies from about 100% to 0%, 
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... with the balance of the AD being Form 2. Thus,.the proportion.of Form2 
crystals increases from 0% to 100% dm Th^se 
compositions may comprise formulations such as t^^ 

As noted above Form 2 crystals are also -prepared by conducting J0 , 
5 arystallization ^^i^ presence of water/e.g^ where about 2-5% wa^ 

i. r present in the crystallization solverit(s) otherwise used to make Form I V 
: ; AD. CrystalUiitio^ occurs essentially as described aboyeior.Fpnn 1.;^^^ :^ 
? crystals^re.g:,.Qver about 4-36 hours at about p^*; Such^prgpaiations^a^^^ 
5 cdata^ crystgds, but any resii^ 

10 : are conyerted tp Form 2 crystals by exposure to water v^p^^^^ 
V: abbye, or by adding sufficient additional waiter to; the crystallization 
• solvent.' - 

One -usually prepares Form 3 crystals by allowing crystals to grow in ^ 
an anhydrous methanol solution of AD. One obtains AD ih raethahol b^^ 
15i mixing sufficient noncrystalline or crystalline AD in methanol for about 
10-15 minutes at room temperature or as needed to dissolve the solid AD^^- 
to obtain a solution having at least about 100-150 mg AD/iriI- .methiart<^iv ^ 
AD soiubiiity in methanol at .room temper^^ ; ' ' 

mg/mL. Crystallization then proceeds for about 4 to about 48 hours ait a 
20 teihperature of about -5* to about 25% usually at abqut 0-23\ 

Grystals obtained using isopropyl acetate as the sole crystallizatiori 
. 4-: , solvent typically are primarily rods which can be relatively long, ii&i, - r - 
. measiuring up to. about 500 ^im in length, with a few needles also present . 

'.A 

Figure 8 shows rod-shaped crystals about 20-500 in length obtained by 
25 * crystallization in isopropyl acetate at temperatiires above about 15*. ^ 
Crystallization from supersaturated and from saturated or some 
unsaturated AD solutions is optionally facilitated or enhanced by adding 
seed crystals of AD to the solution, but seed crystals are not mandatory. 
For example. Form 1 AD is obtained by adding a small amount of . 
30 crystalline Form 1 AD to an organic solution as described above, e.g., 
organic oil to which crystallization solvent has been added, but without 
heating to 35*. The seeded crystals facilitate formation of Form 1 crystals. 
Form 2 and Form 3 crystals can similarly be obtained by seeding suitable 
solutions with the respective crystal form, e.g., an organic solution 
35 containing ethyl acetate cind about 2% water for Form 2 crystals or a 

saturated solution of AD in anhydrous methanol for Form 3 crystals. The 
amount of crystals used for seeding are optionally varied to obtain optimal 
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: results. Generally abpiit 0.1-01.0 g of crystals per L of AD recrystallizatiori^ 
/ J . : yi;:v soluti - ' ■ \:^ 

One can optionally recrystallize crystalUne j^D as desired;, e.g., to • / 

f |Foy example, one^regryr^tallizes Form 1 AD?t) same^y 

^:t^'y-Ifi^ me]diods.4ised to For example, c v 

V recrystalUzabpn using .acetone: and cii-n-t)utyl etheriis a(2compliSA<^ ; 

' iMclwed%yi dptiqitm renioidng imdissolvfejd 

iJ^vviQl^ffl An 
:^ V ^ l imdissolved coniponerit is typ^ One then wa^rrn^ 

1 Jfr!;';^^!^- 't^ to about 35-40' and;:a<dds about. 5 

iri]-) of Wanned (aboii^ crystals thkl ;:;^ 

I^3?u;^!%^l^^w^ initially used iri the recrystallizatito^ TKie rearysM^ 
f;; 15^ then allowed to cool to room temp^rahire over abput 4-4.5^^^^^ The ; 
: yip' rearystallization-mixti^ tb room teinpe^ rapidly if 

vciiimes, e.g., about 1-3 ^L, ar^^useiS/ 

/'% > y J RecrystilU?^ addmg 

'^^ 2^^^^ and iiuxirig the dir^^ ether and one tKen allows recrystallizatiori to 
'zc. £.2. proceed for ■aboiit4^6ihoiirs, aisiiaUy;^ hours. Additiorial yield x>f 

Z^.^ a:y stals f roin-recr y stallization at room temperature i or^about 4-36 hours 
jj^ ; usually obtained by cooling the recrystallization mixtiure to about 4-10-^" ^ 

and allowing the mixture to stand about 1-6 hours at the reduced 
— ' 25- temperature; Usually, the amoimt of AD^one uses in a recrystallization-- - 
will-be sufficient to form a saturated or nearly saturated solution, i.e., 
about 0.4 g/mL using acetone. Dissolution of AD in acetone is complete in 
about 2-8 minutes using moderate agitation. Material remaining 
undissolved after this initial mixing period is removed and discarded, 
30 followed by adding the second less polar solvent of the solveiit pair to the 
mixture containing the first crystallization solvent. 

One optionally recrystallizes Form 1 crystals using a single solvent 
such as acetone. In this embodiment, one dissolves sufficient crystals in 
the solvent at room temperature, to afford a saturated or nearly saturated 
35 solution followed by removal of undissolved components. One then 
warms the mixture to 35" and allows it to cool as described for 
recrystallization using the acetone and di-n-butyl ether solvent psur. 
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Recrystallization of Form 2 crystals will proceed as described for " 
recrystallizing Form 1 crystals but will use Form 2 crystals dissolved in the 
recrystallizatidn solvents. The Form 1 crystals that are obtained ^ " 
recrystallization are optionaUy converted to Form 2 crystals as desc^^ 
5 herein for conversion of Form 1 to Form 2 crystals. Recrystaliizatipn of 
\ Form 2 to Form 1 crystals may also be accgmp^ ^Jn this case, 
' mqlecular sieves or otlier solvent dr)fmglm^ be used to ^ 

linut Ijie impunt of water that is pr^ljsi^ Eprm iZ ciysta axe 

dissolved in the first solverit;a^ One 
lOv can also Tecrystallize Form 2 crystals using solvents cpntiinihg about 1-2%. 
. water to directiy obtain Form 2 cr^ 

One conducts a Eorm3 recrystiallizafion in methanol iri the same : 
manner as described herein for preparatiPrl of Form 3 crystals. A saturated 
ot nearly satiirated methanPl solution is -.u^^ 
15 least about 0:l6:g/mL AD. . . 

One optipnally prepares salts from acid addition of certain :organic „ v 
and inorgeuiic adds with the^^^^^ 
• generally prepares acid* salts by standard methbds, including dissolving M) 
. free base in an aqueoxis, aqueous-alcoHpr or aqueous-prganic solution 
20: containing the selected add or count^iPii of the add, opitionally allowing 
. . crystallization and optionally accompanied by evaporating, agitatirig or , II , 
. -cooling the solution. One will. usually react the free base in an organic 
solution containing the add or counterion, in which case ^ the salt usually; 
separates directiy or one can seed the solution with crystals or concentrate: 
25 • the solution to facilitate salt precipitation. Embodiments include solutions 
comprising AD, a solvent, usually a crystallization solvent, and a sulfonic 
acid such as a C6-i6 a^yl sulfonic add, a Q.i6 heteroaryl sulfonic add or a 
Ci.i6 alkyl sulfonic add. Embodiments also indude solutions comprising 
AD, a solvent, usually a aystallization solvent, and a carboxylic add, such 
30 as a tricarboxylic add, a dicarboxylic add or a monocarboxylic add, any of 
which carboxylic adds comprise about 1-12 carbon atoms. 

Fharm&cgviitic^l FomwilflUong ^nd Routes of Adntinistration 
Invention compositions that comprise crystalline AD, typically 
35 Form 1, (hereafter referred to as the active ingredients), are administered 
by any route appropriate to the condition to be treated, suitable routes 
induding oral, rectal, nasal, topical (induding ocular, buccal and 
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sublingual), vaginal and pcurenteral (including subcutaneous, 
intramuscular/ intravenous, intradiermal, intrathecal and epidural). 
Generally, the invention compositions are administered orally, biit ^ 
compositions cbhtainmg crystalline A:P can be admirustered by any of^^t^^ 

i5 other routes noted above. ; v \ 

• ■ ■ • ■■ : ■■ . ^.■vv'*•;^-^^:^ 

Wh^e it is possible for AD to be , 

■ • ^^'^it is prrferable^ pi^e^ Tjiet-C^'^^ll^^^ ■ 

, formiilations of the present invention coiivprise AD, together witii 6ne?or 

• * more phannaceuti earners ("accejptable^^^^ 

JO exdpierits") and optipnaUy other tj^^ The exd^eiT^ 

r inust be "acceptable" in the sense of being compatible with the other 

V: V ^ iiigredients of the; formulation not deleterious to the patient/^ ^^^^^^ 

The formulations include those suitable for topical or systemic ; 

adininistration, including ^ral, rectal, nasal, buccal, sublingual/ vagihaiior/^ 

15^^. parenteral (indudirig subcutaneous) intramuscular, intravenous, . . . ;> 

intradermal, intrathecal and epidtiral) administration. The formiiiiation^? . 

; are *in unit dosage ^form and are prepa[red by any of the methodis ' wejl * 

known in the art of pHarmacy. Such mefhods'indude the step of bimgicig^ 

into association the active ingredient with tl^ carrier or exdpient whicfr^ ^ 

20 constihites one or inore accessory ingredients. In general the fprm^ations 

are prepared by uniformly and intimately bringing into assodation tiie 

r — active ingredient with either liquid carriers or finely divided solicirCarnejFS^^ 

_ ^ or both, and then, if necessary, drying or shaping the product. 

Formulations of the present invention suitable for oral 

25 administration may be presented as discrete units such as sachets, cachets * 

or tablets each containing a predetermined amount of the active 

ingredient; as a powder or granules; as solution or a suspension in an 

aqueous liquid or a non-aqueous liquid; or as an oil-in-water liqtdd 

emulsion or a water-in-oil liquid emulsion. The active ingredient may 

30 also be presented as a bolus, electuary or paste. 

Invention formulations indude compositions comprising AD and 

an acceptable exdpient. Such exdpients indude binders, diluents, 

disintegrants, preservatives, dispersants, glidants (antiadherents) and 

lubricants. Such compositions optionally comprise imit dosages, 

35 induding tablets and capsules. Such compositions optionally comprise 

tablets containing about 5-250 mg AD, usually about 5-150 mg, induding 

tablets comprising about 60 mg or 120 mg per tablet. Such tablets 
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; optionally comprise .about 1-10% binder, about 0.5-10% disintegrant, *^b^iiL;f 
50-^0% diluent .or 0,25-5% lubricant/ Such compositions also .; ^, 

V coniprise wet grahiiles containing liqiiid, e.g., water, AD and ofie or iripp^'^^^ 

V • acceptable exdpients sdected the group consistirig of binders, .v ; : ^"75 
5 / dUijerite, dispel . ^.l t^^^^^^^^ 

, A tablet imay be made by .compression or molding, pptioruiUy;witiv^^> / 
; ; -pne^^^or more ^accesspiy -.mgrech^ or ; exapients. Tablets will typically : w^^^; ; y 
: ^; ; q3inpi^e.a^^ AD per tablet usually ab^ 

• ?{} m,g ar\d mua^ porm-i AP, esg., about 60 m:g p^r ^tablet 

10^ abQwt^20;mg^p^^ Kbrm 1 where only limited ainounts^j ?^ 

. ;;\ : usu crystals, o&er crysttd; types ior;;,-;^^^^^^^^ 

, :noiicrystaUm^ Gbmpressed tablets may be prepcured ibj^::^^^^^^ 

r'':;^ Goniypress|% of^:^ siutable machine, AD in a free-flpwing form such a^ a?|i fe^ 
■ ■ powder or grianiiles^^ <^ / ^^ "ij"' 

15> lubricant; i^rt dilueitt, preservati^ or dispersing agents 

Molded tablets maylje niade by molding in a suitable madune.a-oiu 
of ;f>owdereci cpmpoimd usually ^moistened with a liquid' dilueri^r: ^^jfe! 
tabids, miyop^^ anclpririted/ embossed, wsra^ ai#?ni^^ 

be^formulated so as toprbv^ 
20 . ingredient therein, Embodiments include a product made by the proig^ss • 
i of dompressing a mixture containing icrystalline AD, typicaUy Form i .Gf^': ;^.^ 
^ " Form 2;'and ah acceptable exdpient, e:g., dri wet granules containing/^;- ^4 
e.g,,lactose, pregelatiruzed starch, crpscarmellpse sodium, talc and 
magnesium stearate. 
25^ Formulations containing crystalline AD and an excipient(s) may 

also contain L-carnitine or salts of L-carnitine, e.g., L-camitine-L-tartrate 
(2:1). Release of pivalic acid from the pivaloyloxymethyl moiety of AD in 
vivo appears to lower the levels of L-carnitine in patients. Tablets 
containing L-camitine-L-tartrate and AD may decrease the effect of pivalic 
30 acid on L-carnitine depletion in patients taking AD. The amount of L- 
camitine to be included will be apparent to the clinician in view of the 
extent of depletion in patients. 

Typical formulation ingredients for tablets or related dosage forms 
indude one or more binders, diluents, disintegrants or lubricants. These 
35 exdpients increase formulation stability, facilitate tablet compression 
during manufacture or formulation disintegration after ingestion. The 
tablets are typically made by wet granulation of one or more exdpients 
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„. with AD in a mixture/foUowed by wet mimng the granules and drying Id 
a loss on drying of about 3% or less. A binder such as^ pregelatinized starch 
• or poyidone/w;]hich enhances processinjg/is optioriaiiy present at a level! of : 

- about 140%, A disintegrant such as niicrociystalline ceU^^^ Gr eL XXps^r - . 
:5 lihkedkellid^ such as coscarmellose sodium is optibnaLlly present 

" lev^i of about 0;5^5% to facilitate tablet dissolutipnl A dijuert as v 
monosacmaride pr disacchafide is optionally present at;a level ,of apptit 4Pr. 

- 60% toM^^ properties of AP or ip iaqiWt^ 
Aiubricam^t stes^rate, ta^^ or siUcbn ji^ ; • 

16 ' pjitiprially present af a level of about 0,25-10% to facilitate tablet ej^cd^^ 

, \ during miriufac^ The^ tablets may optional^^^ 

. ^ . as lysine -or; g^^ trap formaldehyde that -may- b 
■ ad; "Excipients have been described, e.g!, Monograph for Trege^ 
, Starch-', Handbook of Pharmaceutical Excipients^SecPnd Edition, / -^^^^^^ ^ 

15^ American Pharmaceutical ^ Association, 1994, pp: 491-493; Moriogiraph ipr^ 
"Crdscarmellose Sodium", Handbook of Pharmaceutical Excipiierits, " , : 
I ' Second Edition, American Pharmaceutical Association, 1994, :pp: :iL41-142; - f 

. Monograph for 'Xactose Mohohy drate", HaridbdPk of PhiEmnaceuti^ 
Excipients, Second Edition, American Pharinaceutica^ i^sod^ 

20' pp: 2i52-261; Mpnpgraph for 'Talc'V Handbook of Ph^ ; 

Excipients, Second Edition, American Pharmaceutical Association, 1994, : ' 
• -pp: -519-521; Monograph for "Magnesium Stearate", Handbook of . 

,^ , . Pharmaceutical Excipients, Second Echtion, Aineirican Pharmaqeutic^,;^^ 
Association, 1994, pp: 280-282. 

25 Typical containers for storage of Form 1 AD formulations will limit 

the amount of water that is present in the container. Typically unit 
formulations or dosages are packaged with a desiccant such as silica gel or 
activated carbon, or both. The containers are typically induction sealed. 
Silica gel packaging alone is a sufficient desiccant for storage of tablets 

30 containing AD at ambient temperature. AD contains two 

pivciloyloxymethyl moieties per molecule. Silica gel is thus suitable as a 
single desiccant for compounds such as therapeutic agents that contain one 
or more pivaloyloxymethyl moieties. Water permeation characteristics of 
containers have been described, e.g.. Containers— Permeation, Chapter, 

35 USP 23, United States Pharmacopeial Convention, Inc., 12601 Twinbrook 
Parkway, RockviUe, MD 20852, pp: 1787 (1995). 
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For infections of the eye or other external tissues, e.g. mouth and 
skin, the formulations are preferably applieid as a topical ointment or ^^ 
' cream containing the active ingredient(s) in an amount of, for example, v 
^b•01 16 10% w/ w (including active ingredient(s) -in a range between 0.1% 
\and 5%'in increments of 0.1% w/vy^ such as 016% vy /w,\p7% w^^^ etc),^, 
.^^^^^^ 0.2 to 3% w./w and rripst p^^^ When 

/ L ' fprmiiiated in an ointment, the active mgredi^ with 
either a paraffinic.pr a waterTniisdble \the 
: actiye ingredients may be form with ah oU4n-^water 

ll|^V-cxeam^base.'*^ '■ ' [.- ' "■ '\ " ^ {^''1 

If desired/ the aqueous phase of the^cream basje may include, for 
example; at least 30% alcohol, i;e. an alcohol having . 

. v two or more hydrpxyl groups such as prppylene glycol, butane l,3-di61, * I 

mannitbl, sorbitol, glycerol and polyethylene glycol (including PEG 400).. 
15^ and rnixtiires thereof. The topical formulations may desirably include a- * 
compoimd which enhances absorption or penetration of the active 
ingredient through the skin or other affected areas. Ekamp^^^ of such' ' j 
; I dermal penetratipn enhancers include diirieltiiyl siilphpxide a^^ related 
w analogs. 

20 The oUy phase of the emulsions of tWs inveritiori m^ 

^ . constituted from known ingredients in a-kiiowh mianner. While the/ 
phase may comprise merely an emtdsifier (otherwise known as an 
emulgent), it desirably comprises a mixture of at least one erriulsifier witii_ 
a fat or an oil or with both a fat and an oil. Preferably, a hydrophilic 

25 ^ emulsifier is included together with a lipophilic emulsifier which acts as a - 
stabilizer. It is also preferred to include both an oil and a fat. Together, the 
emulsifier(s) with or without stabilizer(s) make up the emulsifying wax, 
and the wax together with the oil and fat make up the emulsifying 
ointment base which forms the oily dispersed phase of the cream 

30 formulations. 

Emulgents and emulsion stabilizers suitable for use in the 
formiilation of the present invention include Tween® 60, Span® 80, 
cetostearyl alcohol, benzyl alcohol, myristyl alcohol, glyceryl mono-stearate 
and sodium lauryl stilfate. 

35 The choice of suitable oils or fats for the formulation is based on 

achieving the desired cosmetic properties. Thixs the cream should 
preferably be a non-greasy, non-staining and washable product with 
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suitable consistency to^avoid leakage from tubes or other containers. 
Straightor branched chain, mono- or dib 

•isoadipate/isocetyl stearate, propyleiie glyco diester of cocoriiit fatty adc^ 
isoprqpyl myristate, decyl oleate, isoprp^ 
f ' ethylhexyl palmitate or a blerid ipf bran^ 
. CrodamdlX:;AE.may be used,. th<g l^st esterjs. These \ 

may )fe lised alp ' . , v 

required. Alteniatiyely, high mfiltin M. white soft: ■ . ; 

paraffin and/br liquid paraffin>6r jp^ used. 
10 Formiilatioris suitable ff or ;tqpica^^^^^ to the eye also 

V ^ include eye drops wherein the acfiv 

'/ in a suitable carrier, especially an aqueous solvent for ithe active 
' ingredient. The active ingredient is suitably preserit in such f ormulatibns r 
' r ; in a conceritration- of 0.01 to 20%, in sbine^^^e^ to 10%, and inj 

15. others about l;0% w/w. . . v < 

Formulations siiitable for topical adirimistratibn in the mouth 
^ indude lozenges comprising the active irigreciient ih a flavored baisi5> 
^ usually sucrose and acacia or hragacanth; pastUles cb^ 

ingredient in an inert basis such as gelaitin and glycerin, or sucrose and 
20 acacia; and mouthwashes comprising the a:ctive ingred^^ suitable / 

, liquid carrier. 

Formulations for rectal admiiustration may be .presented as a: . 
suppository with a suitable base comprising for example cocoa butter or a 
salicylate. 

,25 * Formulations suitable for .nasal .or iijhalational administration,. . 

wherein the carrier is a solid, include a powder having a particle size for 
example in the range 1 to 500 microns (including particle sizes in a raiige 
between 20 and 500 microns in increments of 5 microns such as 30 
microns, 35 microns, etc). Suitable formulations wherein the carrier is a 

30 liquid, for administration as for example a nasal spray or as nasal drops, 
' include aqueous or oily solutions of the active ingredient Formulations 
.suitable for aerosol administration may be prepared according to 
conventional methods and may be delivered with other therapeutic 
agents. Inhalational therapy is readily administered by metered dose 

35 inhalers. 

Formulations sviitable for vaginal administration may be presented 
as pessaries, tampoi\s, creams, gels, pastes, foams or spray formulations 
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- _ containing in additiqn'tp the active ingredient such carriers as are .knowrt ^ 
. ' in the art to^be appropriate. . / 

Formulations suitable for parenteral administration are sterile and' 
include aqueovis^and non-aqueous injection soluti^ T^^Y contain 

5 :anti-oxidants,.buffers/bacteriostats and solutes wWch render the ... \ 

fdnnulation isotonic with the bipod Pf the intended recipient; and 
' • aqueous and "npn^ siispensipfis which may include . [ 

T siispending agents and "pie fonnidatons^.m . / 

presentedin uiflt-dose tor m cpntainers, for ex?tinple sealed ' : ? 

10 - ampoules and yials witfi ela^fbrrienc stopper be; stored, in a , : \ 

frieezerdried (lybphiUzed^ the addition of the^T. . 

sterile jliquid carrier/ for exam water for injectioris, immediately prib^ito /. 
use. Extemporaneous injection solutions and suspensiorts rhay be - ^ 

prepcired from sterile powders/ granules and tablets of the kind previously * 
15 described. Prefeired urut dosage iormulations are th ^ 
dose or unit daily sub-dpse, as recited above, or an appropriate fraction 
therepf, of an active ingredient. ■ \ M ' 

In addition to th6 ingredierit^^^ above ithef '^^^ 

formulations of this inverttibn may include other agents conventional in; 
20 the art having regard tp the type of formulation in question, fbr example 

those suitable for oral, administratibn may include flavprin^g. agents. . . ; 
^. The present inventiori. further provides veterinary cbmppsitions 

cpmprising at least orie active ingredient as above defined together with a 
veterinary carrier therefor. 

25 Veterinary carriers -are materials useful for the purpose of 

administering the composition to cats, dogs, horses, rabbits and other 
arumals and may be solid, Uquid or gaseous materials which are otherwise 
inert or acceptable in the veterinary art and are compatible with the active 
ingredient These veterinary compositions may be administered orally, 
30 parenterally or by any other desired route. 

Compounds of the invention can be used to provide controlled 
release pharmaceutical formulations containing a matrix or absorbent 
material and as active ingredient one or more compounds of the 
invention in which the release of the active ingredient can be controlled 
35 and regulated to allow less frequent dosing or to improve the 

pharmacokinetic or toxicity profile of the compound. Controlled release 
formulations adapted for oral administration in which discrete uruts 
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comprising one or ifiore compounds of the invention can be prepared, 
according to conventional methods. 

. All references cited herein are expressly incorporated by refereneet 
with specificity. ; . 

Examples 

;T The JfpUowing ^ 

.: invention. . 

:.' ■''■■*•■.'..*■ * ' - i ^ 

10 ■ Example 1.: >Freparkiion df 1 ciystals. To a 500 niL single-neck [ v 

roimd bottoiri.flask equipped with a magnetic stirring bar was added \ 
• PMEA (27.3 g, 100 mmdl). To this was .added, under nitrogen, N- . r 
^ ' methylpyrroUdinpne (1Q9.3 =mL) and trietKylamine (50,6 g, 69.8 mL, 500 ^ 
■ mmol), and the resiilt^ Chlofomethyl . 

15' pivalate (75.2 ;g, 72^0 mL, 500 mmol) was added and the stirring suspension - ' '"^ 
; was placed in a.45° oU'b^ 18.5 hours: The. resulting thick/light yeUpW, 

suspension was-diluted^ with isbpropyl acetate (1.0 L) and stirred for 1 hoiu:, - 
The solid was removed by Kimax glass funnelivitii a "C" glass 

frit) and washed witti more isbpropyl acetate (250 mL). The wash was 
20; combined with the filtrate and this orgariic phase extracted with water (200^ 
... ,mLa 2). The aqueous-extracts were combined and back-ext^^ \\ 
isopropyl acetate (250 mL x 2). All organic phases were combined,.cind . ^ I .... 
measured 1975 mL. Isqpropyl acietate was added to bring the total volume ^ ^ -\ 
of the organic phase up to 2.0 L. For the purpose of an internal control on. 
' 25 ' this experiment, the-organic phase was divided into two equal, 1.0 L - - . 
portions. One portion was worked-up using a brine wash and sodium 
sulfate treatment while the other portion was processed without these 
steps (see below). 

The 1.0 L orgaxuc phase sample for this new procedure was 
30 concentrated to an oil directly using a standard (Biichi) rotary evaporator 
employing a bath temperature of 45° and a vacuum of 50-70 mm 
throughout the procedure. The weight of the oil was 32.4 g, and it 
appeared perfectly clear, with no visible salts present. The oil was diluted 
with acetone (25 mL) and again a perfectly clear solution resulted with no 
35 visible precipitated salts present. After standing at room temperature for 
about 3 hours, the solution still remained perfectly dear. This solution 
was placed in ah oil bath set at 45**C and di-n-butyl ether (140 mL) was 
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added slowly, keeping the internal tem^ The fl^^k w^^^^^ 

. then rempyed from the oil bath and allowed to cool to room temperatu^ 
and stirred at room temperature for about 16. hours resulting m ;fihe : ^.^^^^^ 
predpiifatipn of Form 1 AD. The isolid product was. coUected^yiilbatii) 
5— iCiiM^ The scud was washe^W 

S ::^^ di-n*ufylieliier solution :(v/v) :(4d ii^L).and 

/^?^ 'yaaii^^ 11 ii^^ {amblint ten^ 

K ^ vacxtum This yielded 12,2 gX^8i8% theoretic^ b&s^d ^m^M^^^ • 
^■ - "^ re 

40;^ versus' external standM ^, : • !^ V / ^ ^ 

: > : Tlie^remaii^ phase wias used as^cpntrpl fbo^ 

P ab6S^;]resi^ 

,ii^f ; washed w^^ over sodiunv^siilfate (25 g, li hoursj/ ^ . 

^-'tj drying time), aiici concentrated as described above. This afforded)27,4^ ; 
^15: an oi|, wiiich \vas crystallized as described above from ^c^toiie (25 ri^ 

butyl ether(i35 mL)/ The soKH^ w by; filtratioiri and dried ap^^ / ; . 

described, a^ g (48.9% theoreficsU yidd^^pf^a w 

'g; id©^^ AD of .9i8;7% purity versus ekteimal staru^ 

20; ^ Example 2. Preparation of Form 1 crystals. 9.7 kg of Nl^ at i^c^ 

•.'i • temperature was added to 3 kg of EMEA in a. 30 ^gallon -glass-lined steel • : • 
^■Zs^: reactor vessel (Pfaudler, Rochester, NY, model No E20-3©-15tal5) eu^ 

mixture v/as moderately agitated after NMP was added. The moderate '^-^ 
agitation used was sufficient to maintain solid PMEA in suspension and 

25- prevent splashing of reactor contents on the walls. 5:6 kg.of TEAAvasiheri, 
added, followed by addition of 8.3 kg of chlorometiiyl pivalate. An 
additional 2.7 kg of NMP was, then added to wash residual materials from 
the transfer lines used to feed the reactor. The temperature was adjusted 
to about 48' and the temperature was maintained between 38-48' for 18 

30 hours with moderate agitation. After the reaction was complete, 48 kg of 
isopropyl acetate at room temperature was added to the reactor and the 
resulting mixture, under moderate agitation, was maintained for 1 hour at 
43-48*, before filtration to remove the solids (Tyvek^w filter, 15.5" 
diameter, Kavon FUter Products, Wall, NJ, model No. 1058-D). The 30 

35 gallon vessel was washed forward through the filter with 12 kg of 

additional isopropyl acetate. The filtrate was transferred to a 50 gallon 
glass-lined steel reactor vessel (Pfaudler, model No. P24-50-150-105) while 
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_jr mairitairung the temperature at 43-48*. The temperature was allowed jto ^ ; 
. v- d ^ 
~ . ; -^^^-^ Th^ mixture was thei\ washed with,22 kg of water by vigorous 
: 4 1 agitetipri fdir about 1J5-2 nunutes. Agitation was discontinued ^^xid thej^ 
5^ : phases;iw 4lie lowers 

"^V^;^ v . a^epu^^ was^i^nsferred g^ss-linedisteel 

t^|v^ ' rM^ 22 kgvolf wa^ - 

- X - J; in ttTg:5p^ and the -phases lyere y 

1.542 jtiil^ di$c<Miti^^ 
^10^:^ drari^ l libur 40 

transfei^e^ to the!30 ;^allon ^lass4lined >teei: reactor -yesselv^^ \r V 

contain wiashes. 24 kg;of isopropyt acetkfe; w^s. ad : r 

^*5>;f tive agtiepus w^ 30 giaUon reactor and the p ^^c;; .. 

>^"^. vigorously agitated for about i:5-2 minutes, fdllowedJby diadohtu y 
1| J ^gitationior sufficient time to obtain complete phase separation (abotiJ^ ; 
% mill). The upper. organic phase was retained arui nuxed \yifh;the orjg^nic^. ' 

phase previously retained 24 kg of isopropyj^^^^^^^ . 

: : acefatd was added to thevaquediis washesrin the 30 gaJlpriar^Ctibf and fl^ ; 

pha3es were vigorously agitated for about 1,5-2 iniiTLutesf, fo^^ 
201 discontinued aigitationior sufficient time to obtkin: complete phase 

separation (abQut^20 min). The upper orgaruc\phase;^ 
V' i:.. mixed with the-^organic phase previously -retained in the 50 gsdlpn.reactpr. , , 
I The combined organic phases were theri washed with a brine solution (7 ~ 

kg water, 3,9 kg NaCl) by vigorous agitation for about 1.5-2 minutes 
- 25- followed by discontinued agitation-tOrallow the phases to completely i . . \ 
separate (about 5 min). The brine phase was discarded. 18 kg of sodium 
sulfate was added to the reactor and the mixture was agitated vigorously 
for about 1.5-2 minutes and then allowed to stand for 1 hour. The orgaiiic 
phase weighed 98.5 kg at this point. 
30 The reactor contents were then gentiy agitated and filtered through 

a bag filter (American Felt and Filter Co, model No. RM C S/S 122). The 
orgaiuc solution containing AD was transferred to a clean 50 gallon reactor 
and the volatile organics were removed by vacuum distillation at 33'- 
41*C at a vacuimi of 26-30" Hg tintil 50-55 L of condensate had collected. 
35 The organic phase was transferred from the 50 gallon reactor to a clean 30 
gallon reactor via vacuum filtration through a cartridge filter (Memtec 
America, Corp., model No. 910044) containing a cotton spun wound 
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J ;.;; : / C2^^ 

solution was held overnight at 5" then concentrated under a vacutun at . 
^l** for 3. hours to obtain about 7-9 L biL 5.4 of acetonfi^asr : ■ 
^ : ; :'^;addqd the oU wWch yielded a dear sqluiicm. ^ 1^ ^ / . 

' V ' ^was added oyer ab6ut 4 rndrmfies arid the tiemperatt^ was returned to 43?-^;: 
^; f p^^^^ y^^^^^^ temperature was iil^ ZO'-C oyer^ - 

S^Bfl ^^J- ^ hoiirs iS^iniii^ DuriiiglM^ ; '! i ; • 

rC:;: The crystals were recovered ^by . Alteration (Nutcheiilter) and : v 

,J^f!t'^:-^ V 2.40kg'of:'M3'V^as^obtained^(4^ V.;^-' ' "V; " • ^ :' : - ' /^^^v';\:;:h:v^r^ 



iL5;£ . ■ '.^ • ■ . . - ....... V ; - ".; .■.-^^'■:,-> 

H f Example 3, Preparation of form If^ ; 

i bb : 
: afrrooin temperature. Slow mechirucal 'agitatidn?was finifiitea^^ - . - , 

.($U^icient:td^keep'Sd^ v f ' 

2(y contents) to suspend the PMEA arid 1:391- of TEA was :t!^ \ ; : " 

3: ; flask, followed by: addition of 1.44 1..pf ^prvaJoylpxyrne]^ x±flpride. The ^ 

. flask was :then purged wifli nitrogen =and:the.reacti6n was heated: to 60'Q ^ ^_ ; 
" "^^ over 30-45 minutes. Gentle agitation was ihiiritaihed for 2-2.5 hours with ' 

the reaction at 60'. Completion of the reaction was determined by HPLC. 
25-- The reaction was terminated by charging .the flask -with. 7.48 L of cold:(0-3'') .... 

isopropyl acetate when the yield of AD reached 65-68% by area 
normalization. The agitation was increased to moderate agitation 
(moderate vortex but no splashing of contents) and the mixture remained 
at room tempierature for 30 minutes imder moderate agitation while solids 
30 (e.g., TEA-HCl, mono(P01v^ PMEA) precipitated from the solution. 

The reaction mixture was then filtered using a glass-sinter fimnel 
(40-60 ^m) and the filter cake was washed with 2.51 L of isopropyl acetate at 
room temperature. 

The filtrate was then extracted twice with 2.0 L of potable water at 
35 room temperature. The combined aqueous phases were back extracted 
twice with 2.51 L of isopropyl acetate (room temperature). All organic 
phases were combined and extracted once with 985 mL of potable water. 
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The organic phase was isolated and concenbated in vacuo for about 1-2 
hours at a temperature of 35-39' at a vacuum pf about 30 mm Hg t^ obtain 
1.24 kg of yellow oiL '^/''^•, /: ; ^ 

^ The oil was tramfeyredj^o at3'Mdc^lvll. flask and ^ccxfled ; , 

5' : temperature ovej about -SOimi^^ i The Halsjk was/c^^ with 628 int Of 
TQom teinperatxirjB acetone! ar^^ itien witti 3:14^ of di-nrbutyl efherl Skny . . 

^ ^. miriutes/ 

- , artd iidflirthef temperature increase ocqurred-^ >te 
10'.^ below 3Cr (20^29') oyer;^ r 

^ Form 1 crystals formed' in ttie^^^^CT^^^ while. slow agitation ^ 

was:mainbined, followedL^^^^^^ > I 

; room. temperature: The xi^^tals^ere^^t^ 
r' filter cake was washed vvith 2^ of a 1«^^ 

15 (v/y)jsdlution.- The cake w^s dried 'at jropmj^ in a drying oygnj 

' , with a nitrogen bleed until a coiistant weigtjt wa^ achieved (about 2 daj^). 
f . The yield^of Ibrm 1 obtained ^as ^0-54% of the theoretical jaejd , 

' fromPMEA aiid^theptarit)^ ^ • 

- normalizatipii. \ V- 

20^^ '5 

Example 4, Preparation of Form 1 c^^^ L, round ; 

' bottom flask was charged with 273.14 g PMEA (1 mole), followed by :i.09X 
of NMP at room temperature. Slow mechanical agitation was initiated 

25^ (sufficient to keep, solid PMEA suspended but without ^splashirig. flask .,., 
contents) to suspend the PMEA and 0.418 L of TEA (3 equivalents) was 
then charged to the flask, followed by addition of 0.72 L of 
pivaloyloxymethyl chloride (5 equivalents). The flask was then purged 
with nitrogen and this reaction was heated to 60*C over 30-45 minutes. 

30 Gentle agitation was maintained for 2-2.5 hours with the reaction at 60'. 
Completion of the reaction was determined by HPLC. The reaction was 
terminated by charging the flask with 3.74 L of cold (0-3") isopropyl acetate 
when the yield of AD reached 68-70% by area normalization. The agitation 
was increased to moderate agitation (moderate vortex but no splashing of 

35 contents) and the mixture was allowed to stand at room temperature for 30 
minutes with the moderate agitation while solids (e.g., TEA»HC1, 
mono(POM)PMEA) precipitated from the solution. The reaction mixture 
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^ i *. : ^ I !: 1 wasi^ using a glass-suiter (40-60 |Xin) and the fUter cake was 

vy;. . V extracted^twice m potable water at room teinperati^l^l^^/^ ■ rl:': T ; ' 

; rf ; / : - 3^ for ieach extracti^ wereiback^exb-arte<^^^ ' c u 

§^,r.^ ; ■ r ■ •^^^ ; "ll^f Wice^with'li6'i^^^ Htennperatw^)^ '-^^^^^^S^P^ 

V-^ V ■ ■ X;- ; - phases -were.. cbiiiWniei^ :mt^;of 5pota^ water.^^^v|%^ . 

1 : ihoiurs'^ata^teniperi^ {;r.!;c:..S^ IS^^J^.A^r 

Ig-f..- -'^.^ v^^-:;,^^^^^ 'O^Slcg.pf ^eM^ neclc^.3.L/|lask^aad^ 
p^rff:^^^ tentpe^^M^ '^^^^^^ 

^^it^'-'^^-'-"' : '':'^;-?Ji?S^^^' vnun^^ • ;ifen'itSe'ii^ -nvL .of ';BGetone;(ro6iyi''- ji^^^Agt^^^^^^ 

? :V f;-v><:'-7. temperature) andlthen charged di-n-butyl ether. Slow / i; ? / - ' * 

^. V • ■ ; ^ ^ ;^ agitation was ;initiated ahd ;tKe sbhitioh was heated to 35* over about ;5-20|v^ > ^S^: 

'•'^^ " -minutes. When -the'JtemLperato heating- was ^i^CQiifi^iu^cp^ ■^■"^■S' 

If and;rio fi:uther temperature .m^ The soliitiori was-cool^^ ; 

"tj^": '''-'-^^M'^^h' below3Cri(20^9^)^oy€ir 
|'^y■•■^v•■•^i;'':■^^^ i?prm.^'.cryste^ 

^® -^v:' ' ^"ivwf ■• 'was ^maintaLined.; ^Ar\ adcUtipnal^ygiui^ l.lS^IJ'df :rb6n}-^inp^^ 
' N J <fe iv^Wtyl ether was added to ^^l^^/^^^^^^*^^^ 

^ ^ 20? waslcontihued at rbom tei^^ 16^ hours. The crystMs w^cf^ • : 

•^v.,:: then:fihered.(3:y^el^^ was washed; wth ,1 X m)^^^^ ^ 1;^: ^. 

:C. ^ > acetone, 90% di-n-butyl ether-^v/v^. solution and this solution waslthenu^;j^ ..L^;^;;.-i 

_ ... ./"ii. removed by filtering. The cake was <iried at room temperature in a drytr^ -^-^ ^ J 
oven with a nitrogen bleed tintil a constant weight was achieved (about 2- 

" ^' • • 25" • days). ■ - : ■ ■ ™^ — " -• 

The yield of Form 1 AD obtained was 55-58% of the theoretical yield 
from PMEA and the purity was 99-100% by HPLC by area of normalization. ^ 
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Bxample 5. Preparation of AD crystals using isopropjrl acetate as||fe^ v 
crystallization solvent. 43.7 mL of NMP at room temperature was addeiiitp: . 
:PMEA|i0.93 g) uncier nitrogeh in a 500 mL 3 neck flask fitted with.a • 
^ X stiiring app was stirred to susperid the ;p TE^^^^^v; 

^5 J. (27.9 nit) at i^pm tein^ then added,i6Uowedl?y^additi^ 

pivalo)^o>grmeth^ ^ 7v 

l^A temperature was iiicreasied to^^^^ aiui the suspension was stiroajror 
i r iiQurs^ 

^ isoprbpyl acetate; (150 mL) atrbom temperature and stirred ^igdrbusly.|M g 
iCT^i^ 75 The .soUds wiere removed by filhratipn ?^ 
\: >witii^a -^C'^^s^^ the solids were washed with 50 mL y \: - 

^r-u isoprqpyl kcetite.^^^^ The filtrates were combiried and . v^v^-^ 

washed twice wM deidnized wa^ using 40 mL per wash. The comt?med;^%^ 
water washes weireibaao^ with .40 mL isopropyl aGeta:te|^€^ 

15 V extractipn./ All organic phases were combined, washed^once^ith:20.n^ 

deionized water, aiid the aqueous and brganic phases were allowed tp j ^j^: ^ ; 
:V separate arui remiin in contact for 2 hours at 17'. During ;tfiis tin^ 

rod-like ^crystals were observed to form at- the aqueous-orgamc irUerf^ef;-^5:|^ 
^ • ;. The o^stals were^GoUected^y fUtratiqn "M" glass sintered ftil^i^^ 

20 dried, affording 512 mg of long rod-^^ 

- - Example 6. Analysis of AD by HPLC Crystalline Eorm 1 AD was^ ^ 

. analyzed l^yl^ 

exemplify the use of by-products as reference standards for AD. Levels of 
25^ compounds present were analyzed by the area normalization method. — 
HPLC analyses were performed within 12 hours of standard or sample 
preparation. 

A liquid chromatograph equipped with a fixed volume sample 
injector, variable wavelength absorbance detector and an electronic 

30 integrator was used with ia colunm (Alltech Mixed Mode Anion 

Exchange™ C8, 7jmi, lOOA pore size, 250 mm x 4.6 mm (i.d.), Alltech, 
Deerfield, IL) and guard column (20 mm x 4.6 mm (i.d.), dry packed with 
Pellicular C8 particles, Alltech, Deerfield, IL). Chromatographic quality 
water was used. Chemicals used were chromatographic grade acetonitrile 

35 (Burdick & Jackson, Muskegon, MI), anhydrous analytical grade potassivim 
phosphate monobasic (KH2PO4, Mallinckrodt, Paris, KY), anhydrous 
analytical grade potassiimi phosphate dibasic (K2HPO4, Mallinckrodt, Paris, 
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KY) aiid A.C.S. reaget^ grade phosphoric ad^ (Mallinckrodt/i^ris, 
; Aqueous potassium phosphate solutions were filtered (0.45 ^m Nylorij^^^ . 
nienibrane fiUer, -Raiiiirv Wdburn, MA) and degassed prior :fo -use? '''ip-;:^^^ 
Equiysdents; 

§ Equivalent apparatus and/or reagents can also Toe u^ed to ohtauri siiM 

/ . ^ - ■ ' -; : "■■ ■ ' .■ .- • -'V ;'^v;:i:^^^,J;:■- 

;;;■ ^ ■ results. .• _ / ■ .- * .... '^y&^N.-^; 

i?:^ * r v S!fob^ ctf potassiuj^tp ji^^ 

6.0:ac;et6ruW fey nuxing^l^^ flfi^QO ^: 

^^^^ ; pota53im pH 6.0 with 600 mL acetom^ 

pha^e^;^^!^ ' '^^Crri^A:~^ 

V-^^ ;, 6.0:aceitpniWiB,50:5d v/y> prepared by mixing 1000 mL c^ 
V potassium ptibspl^ 1000 mtjacetomtnle^ v 

f ; V ^ Trior tp;san^le>an^ the HELC column was equilibrated wiittyf;. 
^ moBi 1-2 mL per minute for 1 hour at room temperatme.v'^^ 

pL sample of AI5 c(about l mg/i^ solution) contaiixirig by-products w^ 
analyzed iri a 25 minute rurvat room teinperature . and at a licm rate <>l^2% ; 
'^r::^ mL ;per minute using 100% mobile phase A f or 1 ixiinute, foUpwed by a^^^^ 
mirmte lineaf gradierit to 100% mobile phase B. TTte'cplunui was th^:^^^ 
held at l;pO%; mDbU^ ^ , --/^..^^^^-i 

Th?, sairiple^ coiataming AD was prepared by accuratdy weighing^ ' v 
. aboiit 25.mgbf -an AD sample preparation and-dissolying the AD 
L final volumenof 25.0 mL of sample solvent. Sample, solvent was ;prepM^^ 
J by mixing 200 mL of potassiimi phosphate buffer (3.40 g of potassiiiir^ ^ 
phosphate monobasic per 1 L water, adjusted to pH 3.0 with phosphoric 
- 25 - acid) with 800 mL of acetonitrile and equilibrating to room temperature.^ ^ 
Compounds are identified on the basis of their elution times and/ or their 
retention times. AD usually elutes from such a gradient at about 9.8 
minutes, mono(POM) PMEA elutes at about 6.7 minutes and PMEA elutes 
at about 3.5 minutes. 

30 

Example 7. Physical characterization of Form 1 crystals. Form 1 
crystals were analyzed by XRD by loading about 100 to 150 mg of crystals 
into an aluminum holder which was mounted into a diffractometer (GE 
model XRD-5 automated witih a Nicolet automation package). Form 1 
35 crystals were scanned between 4 and 35 degrees 29 at a scan speed of 0.05' 
per 1.5 seconds by exposure to an X-ray generator operated at 40 KV and at 
•20 mA using a standard focus copper X-ray tube (Varican CA-8) with a 
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• graphite monochromator (ES Industries) and a scintillation detector. The 
weighted mean value of X-ray wavelengths used for the calculations was 
^ ^ -^^.CCuKa 1,541838 A. Form 1 ADxrystals exhibit characteristic :)CRD ; • ^ 

' 29 at about 6,9/11:8, U7, 157,^7 J,, 207^^ * : 

N Fonn 1 crystals were alsa;analyzed by diffCTentjd ?can^ . ■ 
^ y x^m^^ exhibited a :theniiog^ as shdwp a ^ t : • ' : 

.05o chwacteristic eiidc^ transition at ^ajipip • : 

pns0t af ^pprb5ama^ 99:8*. The, thj^^ obt^^ 

rz^Hpf ! lO" per niiiiute under a rutrpgen attajLOS^ 
:^ sealed a container in the DSC appcbratus and instead was analyzed at : r 

aihbient pressure in the DSG apparatus, Thexalortmetry scan was^^ ^ : 

obtairied using a differentisa scaiuiing calorimeter 
■ I?SC 2910 with a model 2200 contrbllei:). Approximately 5 mg of ^ A^^ 
iS i: used to obtain the thermogram. Differeritial scariiiing calori^ 

• been described (see, e.g^ U^S. Pharmacopoeia, vol 23, ^95, method 891, ; 
U.SJ?. PharmacopeieU Coiwerition,.!^ 

The melting point of Foim 1 crystals was deterimned by 
cpnypntional meltiiig point analysis. The analysis W?ls conducted usj^igVa 
Mettier model FP 90 Central Processor equipped with a model FP^l 

* S?- measuring cell according .to the manufacturer's instructions,. The sample^ 

: , W was equilibrated for 30 seconds at an initial temperatme of 63*: fpUowe^.^^^^^^ 
^ a jtemperatureincrease of l:0Vminu^ Form 1 crystals melted over a 

range of 99.1^ to 100.7'. 
- 25- The infrared absorption (IR) spectrum of Form 1 crystals was 

obtained using a Perkin-Elmer Model 1650 FT-IR spectrophotometer 
according to the manufactiurer's instructions, A translucent pellet 
containing about 10% by weight (5 mg) of Form 1 crystals and about 90% by 
wei^t (50 mg) of dried (60*C under vacuum overnight) potassium 
30 bromide (Aldrich, IR grade) was prepared by grinding the two powders 
together to obtain a fine powder. IR sp)ectroscopy has been described (isee, 
e.g., U.S. Pharmacopoeia, vol. 23, 1995 method 197, U.S.P. Pharmacopeial 
Convention, Inc, RockvUle, MD; Morrison, R.T. et al. Organic Chemistry, 
3rd ed., Allyn and Bacon, Inc., Boston, p 405-412, 1973). The 
35 spectrophotometer sample chamber was purged for at least 5 minutes with 
high piuity nitrogen gas at about 6 p.s.i. to reduce carbon dioxide 
absorbance interference to < 3% in a backgroxmd scan prior to scanning 
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with the sample. Fonh 1 crystals exhibited an infrared absorption . V 
: spectrvim ill potassium brpnude with character^ 

■ . redprocalcentimeters;^a^ " . 

^ 1625, 1575-1525/i20p-li50/M An exemplary inifrared a^^^ . 

5 spectnunJfpr Forin^ ' .'.V; I ,-^.; 

, Form X oyM^'^ml^y ^ippe^r as an opaque white pr off-wl^te . ' y 

^;i£-:powdwivy|^^ - ^ 

. usuaflly pblydispCT \ " , ~ 

' rieectti pji^sJart^ Vorm 1 crystals ' ' * - 

SO.: typicalfy raiige iri s^(^J^biri\^^^^^^^ |im to about 300 |im in length and are - .. v 

• • irregxilar tablet s j^^ Form 1 crystals ' 

* ;V obtained iattlqw^epipera^ / • 

a ■ " ' 

r " - aggregates that coimpiise i^^ 
■15 photographs^showing'For^^ 

acetone and di-n-^^ j t';.; ■ 

A: photographs show tebiet^or plate^h^ 

raiige ill size from about 10 pm > 
. ' Form 1 crystals obtained from crystallization in acetone and di-n-butyl.. ' 
20 ether at tempratiires between about 2-4*. The photograph shows plate-^ 

shapedand heecUe-shapied crystalaggregates that range in d^^ .. _ 

. - about ao t6vabout,120 nm. The individual crystals in :the aggregates;;\ ■ 

have angular edges. 

Form 1 crystals were foxmd to have a water content of less tiian 1% 
25- by Karl Fischer titration. We performed the water content analysis .. ...... . .... 

essentially as described (see, e.g., U.S. Pharmacopoeia, 1990, pages 1619- 
1621, U.S. Fharnriacopoeial Convention). 

Example 8. Preparation of Form 2 crystals. Form 1 crystals were 
30 converted to the Form 2 dihydrate by incubation in air at 94% relative 

humidity for 3 days at room temperature. During conversion of Form 1 to 
Form 2, a mbcture of Form 1 and Form 2 crystals was obtained which 
increased over time from no detectable Form 2 in the initial Form 1 
preparation. At the end of three days incubation, the final Form 2 
35 preparation contained no detectable Form 1 crystals. 
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: ■ ' Example 9; Physical characterizatioii of Jorm 2 crystals. 

■ ^^i-'^^v ^^^sta^ the same method that w^ i^d^ 

; V.':■■'■^■^.-^•■■i'■■''^^•.■'. J/:;■v\ ,5Eoim"2-v.crystkls^were.dso-an 

J? Jii&i/ X ^i3,'^^JtM|d$ wititi^a ^a^^ttMi^ ; / 

>;'"'^^^K' ■^^■■ ''■11^^ of Form 2 crystals was ^eteqri^^ 

, : . ; SI fconyention^ melting p^^ analysis^ The analysis Was co^uctedJusm|^g \- 

■.•v;' ,:; ; v^^,l^^^^ 
r . ^ . ... '"S" ! i^e mspectriun of Form 2 ary^tals was obtained us^ , - r- / ' 

■^^i^S:..'l-0^ method as that described for Form 1 Grysta|s. The,^R^spectrui]|^^ 

W • ■::.->v -^'S figure 13-:arui;ejcl^^ S'S"^'^ ■ 

M to^bseMsodafedwithformicr^ > : Y/,;; 

^ , 3^ HlJcmd sti«tdlvband«ssoda^ 
. -I; ' ,. - ■ .FoimkctySt2ils.iiwriB f6und-tQ h^ , ' v Vi^ 

^ Fischer .titration.- We perforined^the , water .conteiit.^^^ 

.... .......... 4^ed(see,e.g.,S-S Pt^^ 

Pharmacopoeial Convention). 
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Example 10. Preparation of Form 3 crystals. Sufficient Form 1 
crystals (about 250 mg) were dissolved in anhydrous methanol (about 2 
mL) at room temperature to obtain a solution, the solution was obtained 
by mbdng for about 10-15 minutes until the crystals were dissolved. The 
solution was allowed to stand without mixing for 10-48 hours and Form 3 
crystals were then recovered from the solution. 

Example 11- Physical characterization of Form 3 crystals. Form 3 
crystals were analyzed by XRD by the same method that was used for Form 
35 1. Crystalline Form 3 AD crystals were characterized as essentially having 
XKD peaks expressed in degrees 26 at approximately 8.1, 8.7, 14.1, 16.5, 17.0, 



48 



wo 99/04774 



PCTAJS98/15304 



19.4, 21,1, 22.6, 23.4, 24:2, 25.4 and 30.9. An exemplary XRD pattern for 
Form 3 is shown in figure 14. . 

Example li. Synthesis wd purification of Pk^Ausedifor: >^ 

5 ,AD syiitHesis a^ 

purity, A 12 L 3 neck round[ bottom flask cprttaining 548.8 g .of diethyl 
pi^Awas cfi2^ 

Tlie^^di^lhylP (moderate yortex^ 

. 4 / with Uttle or,iui s^M^ Th^flasic was purged ^ 

Xlb.^ with nitrogen and 803:^ ■brbmoirimethylsila^ added: ^ ^ ' 

V (abWt 2t5 The flask contents were heated to. ^ 

hpuisunta< ^y>-\ 
\ <' norntjalizatioh analysis. Volatiies were cUstiUed- pff at S Sp"; and - 20:.itu:?cv;^ - 
^^'r r' Hg. The flask was then charged with 1500 ^^m^^ temperahjre wateb 

_ 15 The pH of the solution in the flask was then ;adjusted:to 3.2 with 25% w/v.{ . 

. NaOH. the flask coriterits were then heated to 75* few: 2 hours and the _ J J 
;Av { contents were then cooled to 3-4' oyer 15-20 minutes and held; at 34" 'fckp^L 
. 3-3.5 hoiirs. The flask contents were then fUt^^^ frit fflter siiid 

the cake was washed with 150 mL of cold (3-4*) water. The washed cakie ;" 
'• 20^ was transferred to a clean 12 L 3 neck flask and the flask was charged'with 
. , 2025 mL of water and the flask was heated to 75* arid ^^h^^ 
i:. ^- temperature ior 2 hours. Heating was discontinued ;a^^ ^^^^^ 
cooled and held at 3-4' for 3-3.5 hours. The flask contents were then 
filtered with a glass frit filter and the cake was washed with 150 mL of cbid 
^^25' (3-4^) water and then washed with 1050 mL. of room temperature acetone. 
The cake was dried to constant weight by heating at 65-70* at ^ 20 mm Hg- 
PMEA yield was 85.4% with 99% purity by either area of normalization or 
external standard HPLC aiwlysis. 

30 Example 13. Single crystal X-ray crystallography of Form !• 

About 200 mg of lot 840-D-l AD drug substance was dissolved in 200 
mg of acetone. The solution was heated to about 60'C. Di-n-butyl ether, at 
ambient temperature, was slowly added to the solution at 60'C until the 
appearance of the first trace of precipitate. The mixture was then shaken 
35 and re-heated to about 60'C to form a dear and homogeneous solution- 
The solution was allowed to cool to ambient temperature overnight and 
was held at ambient temperature for about 2 days. The resulting crystals 
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were highly polydisperse with some having long dimensions of up to 1.. 
mm. The supernatant was decanted and t^ie reraainirig^^t^ - 
) " washed with a total of about 1 nvL of di-n-bwtyl^?^^^ over four.cydes tcx ;-^. - 

. 0;;' !^^^ • ; 

-5\i dimensipns'of 150 x.ZGO^x 320 jim was si^^^^ -iu^ 
crystal X-ray diffraction^ ^ . . • . ■■■■ ■ '.•>■'■■ 

M measuremertte were ma^^ 
■V (Siemens Indmtri^ Automtiqri, Ih^ lylaidisoi^^^^ graphite 
^ ' monpchromated rac^ : . . 

iqf .nioWed ori a gb^ • 
; li 'acqiiisition was c;arfied 

'5 .heinisph^i«.<Qf -Teqpbc^ Vpacs were .coUected-usjtig w^.^ 0.3* per ' 

■ - •.. ' frame counted for 10 seconds per frame: \ 

" 5967 integrated reflections/ihe£is\^^^ 
^5\ were averaged to yield 3205 Friedel imi^ejj^^ The^ 
; , . structure was solved with the nohrhydrog^n atoms refined anisotrqpically. 
The hydrogen atoms were introduced in idejsQ^^ 
cycle of fuU matrix least squares rcEinfijmerit, based on 2438 observed 
reflections having ! > 3<y and 306 variable pariaiiieters, converged.at R =. 
20 0.048 (Rw = 0.054). 

Cell constaiits and an orientatipn, matrix obtained from a least ; 
squares refinement using -the measmed positioiTis of ;324^ 
> lOo in the range 3.00 < 28 < 45.00' corresponded to a C-centered 
monodinic ceU spedfled as follows: a = 12.85 K, b = 24.50 A, c = 8.28 A, .1 = 

25- 100.2°, Z = 4, space group Cc. 

The following tables show daita obtained from the study. Diagrams 

of AD are shown in Figures 27 and 28. 
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Fractional atomi c coordinates for Form .1 AD.' 





.Atom : 

' ■■ i > ' 




■•" y : ■ 


z • ;% : ; 






PI- 


■. 1.0808' • 


0,22760(05):,.; 








Oi l. : 


0:8826(03) 


> 0.23934(12)- 










l,1005(04)C^4" : 


X 0.26242(16),;/; 








03^ • ' • 


1.0440(03.)::::^:;:,-^.- 


:0.i6716(14)^: y 


\^ ■ U:oUo/^UDJ- />v .• 


i^'/ir" . \V:f . 




r 04'r, 


1. 0034(04) IPf - . : 


^ 0;12075(16)^;;^ 


U .ODD i [yo).. .: :v 






05: 


0.9271(05) i; : 


/- 0.16940(19):r-; 








7 06/ ^ 


\ 1.1768(03)a^£, 


0.21530(12):;.^. 








- OZ ; . 


1.3179(03|^ ;5: : 


0.17817(13>5^ 








; 08 , 


' i.3518(64|M- ^ 


0.13595(19)^r 


-.^ {j.yoyZiSJb) >; 






7. ' Nil 


■ 0.6976(0#;p^^. : 


V 0.09182(15)- : 








-.- N2 


, 0.^997(04g|^, 


0.06321(14).. 


U.»:)4zovUD j \ : 


te-i 7;.-. • ■-" .. t 




. N3 


0.6929(04)^1- 


>: 0.15993(15):- 


0.dyo/(Uc>j 






N4 • 


0.6929(04);;' 


0.17777(13) ; 








I N5 


0.7041(0^); ' 


-0.00364(15) 








- CI 


0.6935(05) • ' 


^ 0.14417(19^ 










' 0.7000(04j*~'; 


0.09175(17) 


U.O i^/ ^UO 








' 0.7008(04^"-^ - 


^ 0.04924(iy}" 








C4 


0 6945(05) 


0.11621(19) 


0.3029(06) 






C5 


0.6962(04) 


0.14452(17) 


0,5538(05) 


1 




C6 


0.6968(05) 


0.23782(18) 


0.6890(06) 






C7 


0.8026(04) 


0.25795(18) 


0.7733(06) 






C8 


0.9855(05) 


0.25344(20) 


0.7701(07) 






C9 


0.9597(06) 


0.1557(03) 


0.4715(08) 





a Nxunbers in.parentheses denote standard deviation in the 
5 last significant figures 
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FractionaLatomic coordinates ior , Form 1 AD.* (con : _ v 



. /Atojm ; 


■ , , ■ ' 




z 


•; 

H.: • : V . ■. - ■ . ■ - . . 


:,;'-C10^"-- 


;^^.9798i(0W^', VV : 


.0.1318(02) ; , ' . 


0.2018(07) ^ V* .||, 


uy "'. .. . - T.. ■■«:••., - 




: V 1.0283(04|gu:; 


\;: 0.08975(19),% 


0.1036X06) II 


- . 


'■ -cii^-l 


7^ :i.l46d(Q^g' .1 


1^ •0,1018(03):. : 


01244(10) . |j. 






: : l;0105(Qi^iS - 


«|: 0.0329(02);: - • 


v 0.1618(08,)-- II 




C14;-.; 


0.9783(0^:' 


^0.0959(03): 


V -r0.0773(08). 


..r-v.* p . -i ' • • , -v • . ' , .• ^ . -. 
e»:>. • » „ . • - • J.- 


V CIS : 


if 1.2825):Qf 


:,:■ 0.22414(20): 


0.7731(06).^ il 


^ »!*•..■ '. •• . ■ ■ - ' 


;V C16 ' 


1.3473(Q§i:f.: 


Sy- 0:i340(02)- - 


A 0.7942(0^)^ II 




:;;-ci^.: ; 


;L 1.3650(05)V, 


: j^ 0.0841(02) 


< 0.6937(09) || 


■ ." . .' - ' .. - 

te:. T^'fe^ .■-.■'.?'''* . " ' 'i:. 


;; C18 ■ 


H 1.4337(Q;|i|;r. 


' 0.0440(03) 


O.o04b(12j:: 




C19, 


- • 1.4166(a|p , 


^f . . ,0.1000(02) 


0.54oo(U9;- 




: c2o: ; 


• 1.2561(0^ ; 


0.059?(03). 


0.op4Utii; , 


Ir:^-. . 3. . , . ' • .-V -■ -. t. .. 


HI 


0.6911 


•: ; 0.1572 . .. :. 


0.9239 




r H2 


0.6915 


0.1239 


0^1897 






U./uoy • 


-0.0145 


0.6494 


Ivf; '• • • ' ; ' : = 


H4 


0.7044' . 


: : -0.0304 


0.4560- 


Ili;':*. ■-: ■- . . ' 


H5 


; 0.6836 ' "^ 


0.2511 ' 


. ' ■ 0.5796 


Ip7" - • . • ' v ■ * 


' H6 


' 0.6439 ' 


^i,, . Q 2511- — 


0.7458 - ^ 




H7 


0.8166 , 


0.2445 


0.8826 




H8 


0.8025 


02967 


0.7751 





a Numbers in parentheses denote standard deviation in the 
5 last significant figures 
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J • rFractipnal atomic coordindt^k for Form 1 AD.^ ^(con't) 









V ■ ■ ■ 
/ ■ . . . 


:.■ ' ■ ' ■ z . 










•r: 0.2379 •.. ^ - 


0,8768 fc/ , 




• • . 


' Hig , 




J , 0.2920 , . 


0.7786 ' 






Hll , 


0.90325:1^^ 


n. 0.1380 


0.5107 




H12 • 




\s , ; 0.1884'.- '.. 


> 0.4165:^.:' 


Si... ■'"i 








.■. 0.0992 . . 


-, 0.2371;-: ■ 


/ ^ 




t HI4: : 




.; 0.0762, ' 


0.0630"' 










, . :. 0.1377 : ■ 


0.0861- ■ 


X ' 








0.0263;^/ 


;: 0.1513 










0.0072\. . 


^ ; 0.0974' 






• H18 : 


y 1.043R A- 


p 0.0293;; ' 


^ 1 0.2736r' 


-J' 




: Hi^ ' 


■ 0.9919/ ■ 


0.1315^,/.. ■ •. . 


:| ; : -0.1138{ 


r- 




H20 


: , 1.0079 


0.0696 


-0.1405*',: 






• H21 


0.9041 •.; 


0.0903': 


' -0.0902 , 






; H22 


1.2855. 


; 0.2557 


0.7074'. 


• 




H23 . 


^ 1326(S:;; 


0.2293".. 


0.8768'- 




.. .. - . 


H24 


1-399?:; 


0.0345:- 


0.8938,: 






H25 


1.4441" " " 


0.01^ ■ ■ 


0.7442"'-^ 






H26 


1.5002. : 


0.0604:. : 


0.8454. 


: & 




H27 


1.4811 


0.1181 


0.5869 






H28 


1.4288 


0.0681 


0.4897 






H29 


1.3701 


0.1237 


0.4784 






H30 


1.2125 


0.0863 


0.5708 






H31 


1.2623 


0.0287 


0,5684 






H32 


1.2254 


0.0497 


0.7257 





^ Numbers in parentheses denote standard deviation in the 
5 last significant figures 



Figure 29 shows powder X-ray diffraction patterns for Form 1 AD: (a) 
Observed and (b) Calculated. 
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Example 14. Prep^^^ Form 1 AD (10.05 g) was 

■ i dissolved in isopropanol >(50,mL) with warming and^theiv 
;5:: iilterc^ Mt, ASTM lO-lS^p^ lli^ 

, !: } added to a stirred sohilion of isppropanol (4? ml;)^a^ 35'G ^loritai^g ; 
P'^ j'^t^ss^ the mixtoew ' ; 

%^:;:cQdlto:r0Q ^Eprnt 4 ;ayst^j^ AI^ : \ 

\ • \. sporttanepusiy ^form^ in the mixture shprtiy a^ite^^^^^^^ solution was 

ib^; added to the crystalsiw 

dayis at room temperature^ vacuo: j.. 

"^•fe^ under m 

Example^S. Preparation of form 4 ciy stats, ^qinii 1 AI> (1005.1 g): 
15 :: ; vvyas dissolved in warm (abput45"C) isG^^ The.w?ucin 
;^ solution was added) over about. 

v 1^ stirfed splution'Of 1-) at about^^C m a- 1^^ ^. r^- 

containmg cUssolved ft^ add (233:0 g); The mixtiure temperatur 

: ; m!aintained at.40-45'C for 10 minutes and warming wa^^ discontinued . 

20- when, thick precipitate formed. Several minutes after the ail of ^the AD 
. ■ solution was added, the mixture became hazy and then, a few minutes later 

'■^-^ . .the precipitate toecame thick, at which point agitatipn w ^discontinued 

(mixture temperature 42''C). Precipitate was allowed to form for an hour. 
Slow agitation was started and continued for about 2 hours, followed by i... 
25- immersing the 12 L flask in room temperature.:water with slow, stirrings 
continued overnight to facilitate mixture cooling. The precipitate was 
recovered by a first filtration (Tyvek™ fUter) and a second filtration (M 
glass frit) and dried in vacuo at room temperature under nitrogen. 

30 Example 16. Preparation of crystalline AD salts from organic and 

inorganic acids. Form 1 AD (500 mg, 1.0 mmol) was dissolved in 
isopropyl alcohol (5 mL) with warming (< 40*C). Add (1.0 mmol) 
dissolved m 2 mL of isopropyl alcohol, or a larger volume as needed to 
dissolve the acid, was added to the AD solution. The solution was stored 

35 in a tightiy capped scintillation vial at room temperature. In some cases, 
precipitated salts were observed shortiy after the solution was capped 
(about 1 minute). For other salts, precipitate began to form at times up to 
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several-months after the solution was capped. _Melting^pjoints.fo^ all_13 
saltsas shown below, XKD data .(degrees^ZG) for nine^salts is ilso shown 
below, Ilie^XRD data sliow? most of the highest intensity. peaks for these 



saltSt 



J^ -J^J^ Jfc-^g. na-^** 



1 , 
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.Add. 



melting point r^ g 



XRD spectrum paks 



-hemisulfate 



HBr 



10 



15 



20 



25 



30 



HCl 
HN03 



CH3SO3H 

C2H5SO3H 

p-naphthylene 
siilfonic acid 



a-naphthylene 
sulfonic add:.. 



(S)-cainphor 
sulfonic acid 



fumafic add^ " 
succinic' add'"'"' 



maleic acid 
ascorbic add 
nicotinic add 



131-134 



196-199 (decomp.^) 



'2O4-205V(afecomp1') 
135-136<decomp:) 



138-139 



132-133 ' 



156-157 



122-128 



160-161 



' 144-145-: 
.... .i22^i2^ 



72-75 

210-212 

192-193 



'i. 



8.0,9.5, 12.0, 14:6, 16.4,17.0, " 

17.5- 17.7», 18.3, .19.0, 20.2, • „'.• 
22.7,24.1, 28.2 . , •, . • \ 
13.2, 14.3, 15.9,.17;8, ' 

20:7, 21.8, 27:2,;28.i . ■ 
ND*** -^^ ^ -■■ ■r ' • ' •'' 

r8.0, 9.7, 14.1, 15.2, 16.7,,17.1, -/■ 
18.3, 18.9, 19.4, 20ib„\21.2, , • 
22.3, 23.2, 24.'!^, 27;6;28.2, ' 
29.4,32.6 . ; • , 
4.8, 15.5, 16.2, .17.5, 18.5, 20.2?; .; 
24.8,25.4,29.5 ; > - ■ . ' 
4.4, 8.8, 18.8, 23;0-23:3*, 27.3 ^ 

9.8, 13.1, 16.3, 17.4, 19.6, - ' 

21.6- 22.3*, 23.4, 24:1-24:5**, : . 
26.6 

8.3, 9.8, 11.5, 15.6, 16.3, . 

16.7- 17:4**, 19.6, 21;Q, 22.9, > : . : 
23i7,25:0,.26i 

5.4, 6.5, 13.7, 15.5, 16.8-17..2i a 
19^6, 20.4-20:7*, ii:2> 23:1, 26.1, 
.27:5,28.4, 31.3,^32.2 - ... . . 
ND 

4.7,-9.5, 10.-6, 1419; 16:3; l-7:4^'^^ 
17.9, 19.9, 20.8,22.1, 23;9-24:2*, 
• 26.5,27.6,28.2 - ■ - -i ?- 
ND 
ND 

ND 



35 



present as two peaks or as a peak with shovilder 

■ 3-4 peaks present in broad peak 
* ND = XRD analysis not done 



56 



SUBSTITUTE SHEET (RULE 26) 



wo 99/04774 



PCT/US98/15304 



J^V : V . - Example 17. AU formulation. Form 1 AD was formulated with ' 

i ' several exdpients in tablets cbntaiiung 30, 60 or 120 mg AD per tablet as 

■ '. "follows.^ " \ ■ \ ' " :• • r 







^ 30'mg Tablet : : 


60 mg Tablet, ■ 


120 mg Tablet : 






Component ■ . 


>■ ^ 

w/ w 


mg/tab.- 


mg/tat). , 

w/w 


_ , ^1 








Adefovir dipivoxil : 


■ 'W- 


; 3oio ,! 


■is:©': 6o:o 


.30.0'^^ 


Vl;2bi0' -5 


¥*/; 


"■'rt'n -.■.'■•T." •»' •' ' ' ' ■' ^ " 

\rT' .i-fe -V^ - ■ r^- ■ 


Pregelatinized Starch,MF : 


: 5^0': 20;0: - 


" 5.0- 20:0 • 


:''^:0:iv ' .2Gfe0' y 






CrokarmeUbse Sodimn 


:> •. •*'■"•■' 
6:0 


24.0 


; 6.0 ■- ;2fi0 ' 




-■- '■ 

. 24:0, i 


















it 




Ladose Monohydrate, ' 


V74;5- 


,298;0 


' 67.0: 268:o 


52.0,: 


208:0 1 






Purified Water, USP2 ^ ^ ^ 








p} 




Talc-USP 


• " 6-0 


lio . 


? .^Os .. 24:0 V 


■« 7.'" "■ 






Magnesiimi Stearate/NF- 


liO. .4:0 ' 


1.0 4.0 




, 4.0 " 






Total 


100 io 


400i0 


lOOiO 400.0 


:100;0 


4oo;o 


• */ 



; ; ' ITo be incorporated into, th^ 

- V i^;: - extragrmular) during Ae M - 

. ; ..i^r ^ . , ^ The.quantity.of wateradded .is.suffident.tp,pro^ wet granidcitipn.. Watet/^,: , 

was removed to a level of riot more than 3% loss on dr)^ 



Tablets containing Form 1 AD were made by blending 
croscarmellose sodixim, pregelatinized starch and lactose monohydraite in 
a granulator. Water was added and the contents were mbced in a 
granulator until a suitable wet. granulation formed. The wet granulation 

10 was milled, dried in a dryer to a moisture content of not more than 3% 
loss on drying and the dried granules were passed through a null. The 
milled granules were combined with extragranidar excipients, lactose 
monohydrate, croscarmellose sodium and talc, and blended in a blender to 
obtain a powder blend. Magnesium stearate was added, blended in a 

15 blender, and compressed into tablets. The tablets were filled into high 
density polyethylene or glass botties along with polyester fiber packing 
material and optionally with a silica gel desiccant. 
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- Cxamtfle aS; Eormulation- iiorml AD-^was:fonn^iilate 
sever aLexctpients in tablets weighing 100 mg each and .containing ) ^ 
eithM,25ior|^'^ i^P'per^tablet aVfSUows. The tablets .were^^prepared 
by^et^'grarii^^oniin a7manner similar ^to that despdbed.aboye. . 



10 



pernHiit cohteiit ■ 




3110 

05 
1.0 



15' 



.SO.'O 

26:5 

20.0 

2:0 

0.5 

1.0 



\ 
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/ * : . . ■r '--\- - lli:---^-'- ThevGomposition of claim 1 ^herein .the crystal ' ; 



„10„ ' monoclinic cell specified substantially is follows:' aV 12:85 A, b ='24,50 A, c ^ 



^ ^ di^ 



' : : : . 5/ V V The compglitiori of claim 4 ha\arig: ;a PSG^t^ 5-^' ¥:i 

transitibn^at about ,102°(i^ :^ ' ■ '>; ; . ':■ \ '' ^v .^ 



• : , . ; .20 . 6/ ; The composition of daiii I wherein^^^t^^ 

; ;^ ■ dipiyoxilislMp^ - ' . ^ 

^ . V. . ..7w i. , : qnie-Gomposition of xdaim:.6^.h^ . -^^ 

diffraction sp^ctnrai peak using Cu-Koc radiation^ 
''^ '25 at ab6iii:9i;abbift^^^ , . 

8. The composition of claim 7 having a DSC endothermic 
transition at about 73'C. 

30 9. The composition of claim 1 wherein the crystallirie adefovir 

dipivoxil is Form 3 adefovir dipivoxil. 

10. The composition of claim 9 having an X-ray powder 
diffraction spectrum peak using Cu-Ka radiation, expressed in degrees 29 
35 at about 81, about 19.4, about 25.4 and about 30.9. 
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- - 11, ' The composition of daim 10 having a DSC endothennic^ 

- transition at about 85°C. . . \ ^-^^r ; r ..^^ 

12. ' The composition of daim 1 wherein .the crystalline adefovir 
5 dipiyoxil Is Form 4 adefovir dipivoxil. - ^ , ^ \ . * -"'^ 

13:\ The>composition of dami 12 havixig an.X-ray powder. - 
• diffraction spectrum peak* using Cu-?Ka*radiatibn/expresseji^in4eCT^^ 29^ s 
at about 9.8, about ,15.2, about 26.3 and.al?out 31.7. . ^ 

, 14. .- The composition:,of daim '4 having.a DS,C endothermic 
^ ^trar^itioh at about 148'G. ' > ' ' ^ 

15. The composition of claim 1 comprising a arysfalline salt of 
15 adefovir idipivoxil. - . . ~ ~; i - , 



I 



. , >.i6 ,.: crystalhne salt of daim 15 wherein the' crystalline salt is va 
- salt of an organic add. . > . : x / . : • 



20 : ; . 17: The crystalline salt of claim 15 wherein the crystalline salt is a 
;;• sajt :Qf ;Sr^^ ' ■ \ /'^ ■ -V" 'vr ^/' . 

^w.: ... : ■ ^.18:^..- The.xomposition.ofvdaim. 1 . wherein:J^^ adefciYtfiH... 

dipivoxil is a crystalline salt of adefovir dipivdxil selected from the group-^ 
"25 ' cdTSisMg '^bf hemisulf ate, hy drotebnude, hydrochloride/ nitrafte/ me^yla^^ 

ethane sulfonate, p-naphthylene sulfonate, dc-riaphthyiene sulfonate, (S)- 

camphor sulfonate, succinic add, maleic add, ascorbic add or nicotinic 

add. 

30 19. The composition of claim 1 comprising a pharmaceutically 

acceptable exdpient. 

20. A method comprising administering to a subject an 
antivirally effective amount of the composition of daim 19. 



35 



21. A method comprising contacting a crystallization solvent and 
adefovir dipivoxil. 
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'\ ^^^^ ■ / 22: , The method of claim 21 wherein the adefovir drpivpxil:is in 



^:^^:;v^:*;: -a'iSdhition,"':' " . *■ '..:-:.:J-^-' 'c-':^:''''-' 

• y^^5C^ I^Hk: ^ ITie ^ti^ wl^reinvthe.c^yst^ • V ; " 

w .:^:^:^ ctof ain a second solution, :Wi^^ v ^ ^^'S 

vs^f^^S^^- > V .24 " ■ -;A'method cbmprising orj^stkl^ adefpyif 'c^^ .C-.:*':' i-J^^SiM- 

soJ^ about i6:45% adefovir dJpivoxil^ ' ? ' • 

;Q^3^^^^ ^solvent wherein the; crystallization solvent is^^ ^ 

to about 1:3 ^-v: ; . j , 

: v/v C)f^aGetCHrie:di-^ (2) a nuxtoe betweeri^^^^ f: 

x iVc^^^ :W aboiit^lrS ^^ :Hf^v~ ^ ^ 

j ^ v/v of t-butanol:di-n-buty| 

!^CJ^SM#^^^^b yi/v to aboiit il:3 y/v/of metl^ -^1^. :\ ' 

r eth^r, (5) a mixture be^ aboiit^O;l^^v/y > : : 

ij^V?^-^ (6) a mfacture between abput;i:i^^ T X. ^ : 5r M 

v-^ v/V^f tietrahydrofuran^ (7) a nuxtiirefeietv^ 1^ C 

/ f ;:2^ v/V to aboift 1:3 v/v of ethyl acetate:di<v^uty^ (8) a mixtiire bet^i^^^ 
about 1:I0 v/v to about 1:3 of 4:etrahydropyran:di-aiTbuty^ 

mikture ^between about:l:iO v/v^O"^ of^ethyLapetate:dieth5^;^^ ; 

ether,ilO) tTbutyl-meth^^ (llldiethyl ether/ (12^^ 7/ 

t-butanol, (14) toluene, (15) isopropyl acetate, (16) ethyl acetate/and (17) a 
" -^-^ ^ ^25^^ mixture consisting essentially of (A) a first crystallization solvent 

consisting of a first dialkyl ether of the formula R^-O-R^ wherein R^ is an 
alkyl group having 1, 2, 3, 4, 5 or 6 carbon atoms, R^ is an alkyl group 
having 2, 3, 4, 5 or 6 carbon atoms wherein and R^ are the same or 
different, or both R^ and R^ are linked together to form a 5-, &, 7-, or 8- 
30 membered ring, provided that the, dialkyl ether is not methyl-ethyl ettier, 
and (B) a second crystallization solvent selected from the group consisting 
of (a) a second dialkyl ether of this formula R^-O-R^, wherein the second 
dialkyl ether is different from the first dialkyl ether, (b) toluene, (c) 
tetrahydrofuran, (d) t-butanol, (e) ethyl acetate, (f) methylene chloride, (g) 
35 propyl acetate and (h) isopropanoL 
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: , ,c(^ri0:isin^^^fo^ adefoyir dipivoxU-ayst^ p^e^ence of water.: 

; : , 2^^ ITiemefhod ctf ;clai ; * 

■ 5-^ idifwvoxU^s produce |a)^hydt^ting:^ 

/ • and/or (2)^j^ - 



27; , A ^lethp^d^GC^^ 



methanoL 



: •^^ftX.:;K;\-%.^^.,,,..^^^^^^^^ 

. ./ 28i\: A method {orvfwjepa^ Epnii; 4.ad^ i . " , 

;:Gpmi5risii^ :cryst^ toiriprising^;ai^^ iri the presence. 



.^pf-Jimtjan " -v'---- 'vr^"^'^^^^^^^ 



ilS • - : 29; : ^ A riiethod f&tprepa^irig ad(gfoyir;d^ >comprisirig^^^^^^^' / V 

V. coritaptmg;9T[2-(p^^ clUQ^omethy^^^^^ 
■ ; , ^ I>iyalate: in l-rneti:\yl-^2-pyrroUdm and a tri^iifi^in^^ 

adqfovir^'dipivb)^^ * ,' ' . •: • 1 " v'/,. 



20 30- The method -ofdaim 29 where^^ 

- triethyliamine. • 

_ _ 31. . The method; of claim 30 . cpmprismgxorvt^^ 1 ^^l^r; 

equivalent of 9-[2-(phosph6nomethoxy)ethyl]aidenine and about 5.6-56.8 . 
25 molar eqtuvalents of l-iriethyl-2-pyrrdUdm^^ 

32. The method of claim 29 comprising contacting 1 molar 
eqmvalent of 9-[2-(phosphonomethoxy)ethylladenine and about 2-5 molar 
equivalents of triethylamine. 

30 

33. A method comprising contacting 9-[2-(phosphonomethoxy)- 
ethyl]adenine containing less than about 2% salt with chldromethyl 
pivalate. 

35 34. The method of claim 33 wherein the salt is NaBr or KBr. 
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. i^^J comprising Form 1 adefovir^c^ 



^ '36; ^ '■ ITtie product compression resiJ^ v - • ; 




^^r' " 38; . llie prbduct of ^cieto 



.-_ ... .... .- - . - • * '~ 



39? . The product of da^ 

• .4ft / A compp^ / / ; 

V i r j^^^ 20 mg pregelatiruzbdiita^ T. ; v : \, J': K^ff:^ 

% :£ s^.^^^ Jactpse nibnp ^ - i-- ; v 

"V I; thfiJadefovir dipivpxil coniprises at least about 70% j aHdEovir • ; ^: 

^ xi^^^i^ -'R^et jcomppsitim .,1=1 

mg adefbvir dipivoxii arid 268 mg lactose monohydrate. 
-■r^------25^---^ - - - • ^ ' • -./r.,- ... 

42. The composition of claim 41 wherein the tablet weighs about 
. 400 mg. 

43. The composition of claim 41 wherein the adefovir dipivoxii 
30 comprises at least about 80% form 1 adefovir dipivoxii. 

44. The composition of claim 40 wherein the tablet contains 120 
mg adefovir dipivoxii and 208 mg lactose monohydrate. 

35 45. The composition of claim 44 wherein the tablet weighs about 

400 mg. 
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. . . .4:6.^- liie^^cdmposition^of^clai^ ladefoyir .dipi^.QxU^ 

^ comprises at least. about i8.0% fonn 1 adefovir dipivoxQ. 



>. . 4Z. A method,'for.^^^ ' ^ ' - ; - : \ 

"5 i.(dietSylpHospho^^^^ . 
^allcoxddeand 9-(2fhydrpxvethyi)^aden^ ; ' - - • 
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